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AIRCRAFT -TYPE 


To supply dependable hydraulic power for critical 
applications, Eastern units are engineered to perform 
- under extreme conditions. Compact design and vary- 
h a raulic ing motor sizes make them unique power sources, 
especially desirable for airborne use. The equip- 
ment illustrated in detail presents a typical Eastern 
Power Unit designed for one application. Many 
POWER UNITS = 8 other requirements can be satisfied with designs of 
this general type. 
Unit consists of: positive-displacement pump, electric 
motor drive, oil reservoir, expansion chamber, porous 
bronze ten-micron filter, pressure regulating valve, 
filter relief valve, and expansion relief valve. 
SPECIAL UNITS to be built into Servo Systems and 
specialized projects are available. As illustrated 
below, Actuators combined Servo-valve and Actua- 
tor, and Servo-valve Hydraulic System combinations 
are being produced by Eastern for custom-specified 


jobs. If your project involves equipment of this type, 
write to us for further information. 


Specifications: 


Available with either or horsepower 


| motor, in 28 V. D.C. or 400 Cycles 3 Phase 
power. 


Available with various pump characteristics. 


Under certain operating conditions, units can 
be made self-cooling. Example: 4 H.P. Unit has 
a continuous-duty oil-temperature rise above 
ambient of approximately 60°F. at sea level. 


Pressure range from 0 to 1500 PSIG with 
compatible flow. 

Anodized aluminum body contains all 
components except motor. 


PRESSURE VS FLOW @ 
RE VS POWER INPUT 


PRESSURE REGULATING VALVE FILTER RELIEF VALVE 


EXPANSION 
RELIEF VALVE 


FILTER 


EXPANSION CHAMBER 
RESERVOIR RETURN OUTLET 


POWER INPUT IN WATTS (A CURVES) 


FLOW DIAGRAM 
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Froducts Catalog 340 
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Which 


wheel 
is the 
strongest? 


Above is the drive wheel of a giant 
locomotive. 

The other is an airplane wheel of a 
modern-day jet fighter. 


Which wheel is the strongest? 
You air-minded ones are right. 


It’s the forged light-alloy wheel de- 
signed and produced by Goodyear 
Aviation Products: pound for pound it 
can roll a record capacity. 


Forged wheels of magnesium or alumi- 
num typify weight-saving developments 
—without sacrifice of performance— 
made by Goodyear Aviation Products 
for the aeronautics industry. 


This extracting of maximum perform- 
ance from minimum weight can be laid 
directly to engineering skills—and the 


vast research and development facilities 
—of the organization which produces 
tires, wheels and brakes for more air- 
craft than any other manufacturer. 


In the case of aluminum or magnesium 
wheels, it called for detailed study which 
produced forgings of uniform quality 
and grain flow—and the elimination of 
“gingerbread” castings. 


Goodyear forged light-alloy wheels are 
operational on more aircraft of more 
types, both military and commercial, 
and in more sizes and types, than any 
other kind. 


In the case of a ship you now have upon 
the boards—this strength-to-weight 
engineering may well extend the range, 
the altitude, the firepower of your 
project. Call in a Goodyear man—get 


Z w 1 


A 


~ 


the facts, and the help of this kind of 
thinking! Write: Goodyear, Aviation 
Products Division, Akron 16, Ohio, or 
Los Angeles 54, California. 


\ 


GOOD “YEAR 


AVIATION 
PRODUCTS ~ 


Where Research and 
Development Work to Advance 
America’s Global Position 
in the Race for Air Power 
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. . . Nothing is left undone to make the Relief 
Valve in the fuel pump, the Safest, the most 
Dependable, the Lightest valve possible with 
today’s skills and materials. 


Fluid Regulators Corp. is a Major Designer and 
Producer of Relief Valves for jet fuel pumps. 


Designers and Producers of Air- 


craft Hydraulic and Fuel Valves. 


250 E. MAIN STREET PAINESVILLE, OHIO 
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COOLING THE 
TRADEWIND'’S 
A BREEZE 

FOR HARRISON! 


Harrison oil coolers keep 
critical temperatures under 
control on this naval transport! 


Wherever the Tradewinds go. . . they’re cool . . . with 

Harrison! Convair’s R3Y-1 is a trusty taskmaster . . . 
transporting troops or carrying cargo. And on the job assuring 
reliable performance are Harrison oil coolers. You'll find 
lightweight, heavy-duty Harrison heat-exchangers on all types of 
modern aircraft ... im-every line of defense and industry. That’s 
because Harrison’s vast experience and research in the heat- 
exchanger field assures complete dependability—peak temperature 


efficiency under the most severe operating conditions. If 
you have a cooling problem, look to Harrison for the answer. 


Watch WIDE WIDE WORLD Sundays on NBC-TV 


TEMPERATURES 


| 
TO 
7 
RADIATOR DIVISION, GENERAL MOTORS CORP., LOCKPORT, N.Y. 
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Fenwal Introduces — 


NEW, SMALL, LIGHT 
DIFFERENTIAL THERMOSTAT 


Fenwal Solves Camera Compartment Problem, 
Comes Up With Control With Broad Applications 


ASHLAND, MASS. An avia- 
tion company in the habit of taking 
its temperature control problems to 
Fenwal asked Fenwal experts here 
how to control the temperature in a 
new plane’s camera compartment. 

Fenwal’s experts solved the prob- 
lem handily, and are making no 
secret of this: Their solution, a brand- 
new differential thermostatic control, 
will find a thousand other applications 

in the aviation industry and out. 

The device, weighing only 0.3 
of a pound, consists of two midget 
Fenwal THERMOSWITCH™ units and a 
relay —- hermetically sealed in an in- 
tegral stainless steel housing. 


Camera Compartment Control 

When it made its debut, the unit 
had only one purpose to keep a 
camera compartment warmer than 
90°F. and cooler than 155°F. It 
called for heat at the lower limit, and 
shut off heat at the upper one. It in- 
creased its own life and the life of the 
mechanisms it controlled by eliminat- 
ing short-term cycling, by signalling 
for remedial action only at either 
limit of the acceptable temperature 
range. 

Wide Applications 

Actually, this control, which isn’t 
much bigger than a .50 caliber ma- 
chine gun cartridge, is a designer’s 
dream, because it can be used to sig- 
nal for any sort of action when an 
upper or lower temperature limit is 
reached. It can be factory set for 
limits anywhere from —50°F. to 
+500°F. 

The relay rating at 28 volts D.C. 
is 2 amps resistive, 1 amp. inductive, 
and 8 amps overload. Due to high 
altitude performance requirements, 
the unit incorporates a three-terminal 
header and cover. 


In the course of its development, 
the unit came by a name that 
doesn’t begin to describe its versatil- 
ity the Fenwal Camera Compart- 
ment Over-heat Control. As happens 
again and again at Fenwal, experts 
here started with a specific problem, 
came up with a unit to solve it, and 
found that they had thereby in- 
creased the Fenwal Product line 
greatly, with a widely useful concept 
of temperature control. 

Contact your local Fenwal sales en- 
gineer, or write to Fenwal direct to 


learn how this and other Fenwal de- _ 


velopments may solve temperature 
control problems now facing you. 
Fenwal Incorporated, Aviation Products 
Division, 171 Pleasant Street, Ashland, 
Massachusetts. 


CONTROLS TEMPERATURE 
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ew Analog 
ing Element 


WESTON ipuctronic® 
PRODUCT RESOLVER 


— produces a direct current proportional to 
the product of two varying electrical signals 


© four-quadrant operation 
Product Resolver 
Amplifying Unit 
(cover removed) 


precise ...0.1 per cent 
® permanent calibration constant 
speed — 15 millisecond period 


especially suited to a-c/d-c measurements 


This Weston Product Resolver employs an electronically 
balanced electrodynamometer instrument mechanism to 


develop a product output signal from two input signals by 


“oa torque multiplication. The Inductronic® balancing system 


(cover removed) 


provides precise and rapid response, and an exceptional 


order of response to displacement. The mechanism is unique 

to this purpose and stems from Weston’s long experience 

WESTON in the design and manufacture of precision dynamometer 
INSTRUMENTS mechanisms. The complete story on the Model 1482 Induc- 
tronic Product Resolver can be obtained from your local 


| 
pre representative or by writing Weston Electrical Instrument 
I Corp., Newark 12, N. J., A subsidiary of Daystrom, Inc. 
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Build stronger, safer, 
lighter airframes 
with new SPS Hi Psi 
aircraft bolts 


Conventional bolts were not strong enough to fasten 
jet-age aircraft now on drawing boards. So Standard 
Pressed Steel Co. discarded obsolete fastener con- 
figurations, materials and production techniques and 
designed a new high-strength bolt—the Hi Psi 
EWB-22—which is the strongest bolt made to 
this time. 


Compared with conventional 160,000 psi bolts like 
the MS 20004 Series, the SPS EWB-22 has 38% 
greater tensile strength and, at 8 million stress cycles, 
up to 90% greater fatigue strength. These qualities 
make it feasible, in most cases, to replace a standard 
MS 20004 Series bolt with an EWB-22 of the next 


EWB-22 bolt is entirely new. External wrenching head with increased smaller diameter. The benefits from use of the 
bearing area permits greater loading without indentation of bolted EWB-22—in increased structural strength and secu- 
surface. New Hi R thread form, generous fillet under head, smooth rity and in reduced weight—are obvious. 
focknut was designed with characteristics specially suited to the bolt, Concurrently with the development of the EWB-22, 
SPS produced the Hi Psi EWN-22 locknut to com- 
plement the bolt. It is a high tensile strength self- 
SIRE RG BOLT DIAMETER locking nut with a 12-point external wrenching 
, Chart No: 321 Date: Jan 6,_1956 needed to preload the EWB-22 to the greatest 
SSS: —- so —F Along with Hi Psi EWB-22 bolts and EWN-22 
locknuts come other new additions to the complete 
/ = SPS line of threaded aircraft fasteners—PLI-22 pre- 
load indicating washers, simple mechanical devices 
‘ 


2A for accurately preloading the new high strength bolts. 
: For detailed information about these products— 
or about your special aircraft threaded fastener 
problem—write us today. Aircraft Products 
Division, STANDARD PRESSED STEEL Co., 
Jenkintown 58, Pa. 


Litiit 


AIRCRAFT PRODUCTS DIVISION 


STANDARD PRESSED STEEL CO. 


LOAD IN POUNDS | 


+40, 000 


30,000 


JENKINTOWN PENNSYLVANIA 


EWB-22 is much stronger than conventional aircraft bolts. These 


E 10,000 —J curves, with ultimate tensile strength in pounds plotted against bolt 
ae diameter, show that it is feasible to replace an MS 20004 bolt with 
—— BOLT DIAMETER — an EWB 22 one size smaller. The EWB-22 is stronger in shear 
>= rr 5/16 3/8 7/16 1/2 9/16 5/8 34 — and in fatigue as well. 
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about 


NEW DEPARTURE BALL BEARINGS 


AIRCRAFT TURBINE 
BALL BEARINGS... 
ENGINEERED FOR 
PLUS PERFORMANCE 


Dependability of performance! That’s the keynote 
of New Departure’s specialized ball bearings for 
fast, high-flying jets! 


Leading production jet engines contain the evidence! 
They use split inner ring turbine mainshaft bearings 
(size range below)—an out-ahead development of 
New Departure’s Aircraft Bearing Research Pro- 
gram. This advance in bearings combines simplified 
maintenance and assembly with high load-carrying 
ability at high speeds and temperatures. 


New Departure also manufactures aircraft ball 
bearings for refrigeration turbines, alternator-drive 
turbines, high-temperature fuel pumps, turbine- 
driven air compressors, and small gas turbines—all 
backed by New Departure’s research and precision 


MEDIUM and LARGE TURBINE BEARINGS 


Basic NOMINAL DIMENSIONS 
. manufacturing. 
No. Bore o.D. Width 
34 6.6929 9.0551 1.102 Use the coupon below for further information about 
New Departure ball bearings for today’s jet air- 
craft . .. and what New Departure has in develop- 
122 4.3307 7.0866 1.280° 
ap ment for tomorrow. 
126 5.1181 7.8740 1.280° 
130 5.9055 8.5060 1.235% 
132 6.2992 9.4488 1.338 
134 6.6929 10.6299 1.815" | NEW DEPARTURE © GENERAL MOTORS CORPORATION 
| BRISTOL, CONNECTICUT 
207 1.3780 2.8346 669 | 
3.3465 938" ATT: DEPARTMENT O | 
3622 4.3307 1866 
213 2.5591 4.7244 905 | Please forward me a copy of your latest folder | 
1.023 on aircraft turbine ball bearings | 
216 3.1496 5.5118 1.023 | 
219 3.7402 6.6929 1.259 | 
220 3.9353 7.0886 1.385" | Name Title | 
222 4.3307 7.8740 1.771% | 
224 4.7244 8.4646 1.850* | 
228 5.5118 9.4488 2.007* | Company S | 
232 6.2992 10.1992 1.660 | | 
307 1.3780 3.1496 826 | Street Address | 
315 2.9528 6.2992 1.456 | | 
*Puller groove, inner ring or both rings : City Zone State | 
| 


SEE ‘WIDE WIDE WORLD" SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN. 


| > | if | 
| 
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HOT PARTS TO HURDLE 
THE THERMAL BARRIER 


High speeds in flight mean high tempera- 
tures—up to 5000°F! In this new region of 
intense heat where ordinary metals melt like 
butter, Ryan metallurgists are pushing back 
thermal barriers with every new design. 
And Ryan production experts are building 
the hottest, fastest hot parts demanded by 
modern aviation. 

Ryan is uniquely skilled and equipped in 


this important field—able to draw upon its 
extensive stockpile of experience in the de- 
sign, research and production of major high 
temperature jet age items. Dramatic proof 
of Ryan’s leadership shows up on the 
production lines where ramjets, afterburn- 
ers, turbojets, piston and rocket engine 
assemblies are precision manufactured, in 
quantity, to the highest quality standards. 


BUILDING AVIATION PROGRESS SINCE 1922 


Aircraft Power Plants 


RYAN AERONAUTICAL COMPANY, SAN DIEGO, CALIF. 


Avionics 


) more examples of how RYAN BUILDS BET q E® 
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Your tomorrow’s ENVIRONMENT-FREE 
electric system GENERAT Oo R Ss 


waits today at J&H oil-cooled machines deliver full-rated output independent of 
Jack & Heintz aircraft speeds, ambients, altitudes 


Shape designed for zero 
wave drag described in 
Aviation Age, June,1956. 


Seven years of pioneering development at Jack & Heintz have produced avia- 
tion’s first ‘‘environment-free’’ generators. Permitting new size-weight- 
performance concepts for primary and special power systems, the J&H oil-cooled 
machines outrace the best contemporary units by a wide margin: 


¢ deliver full-rated power regardless of * enable lighter and simple: 


aircraft speeds, ambients, or altitudes installations 
*are smaller than any comparable * reduce drag by eliminating 
air-cooled units need for air ducts 


Scheduled for service on advanced aircraft, these J&H generators promise 
to be the ultimate approach to aircraft electric power. 


“Standardized” Approach to Each Advanced Electric System 


Regardless of the flight plateau you are sighting, the J&H oil-cooled genera- 
tors, with the proper heat sink, offer an immediate solution to your electric 
power needs. This frees you of 


long lead times todevelop new ss = 
ge h di J&H Model 30052-001G129-1 31190 31192-0036280-1 
flig t con 2 itlons Is m et Nominal Rating 2.5kw 12.3 kw 190 amps 40 kva 20kva 17 kva 
through adjustment of the Volts er 30 120/208 120/208 120/208 
outputs 3 outputs 
heat sink. : Speed (rpm) 12,000 12,000 8,000 6,000 8,000 12,000 
Confer with J&H _ special- Phase (cps) - = — 3 3 3 
ists. For basic design and Frequency (cps) - 
performance data, write to Power Factor (min) _ — cacti 75 75 75 
Jack & Heintz, Inc., 17632 Weight (Ib) 30 70 36% 165* —‘-100* 50 
Broadway, Cleveland 1, Ohio. Length (in.) 12.71 143 10.57. 27.25* 26.0* 12.85 
Diameter (in.) 4.5 7.75 6.5 13.0*  9.5* 7.5 
Export Department: 13 East 
ncludes Integrated Constant-Speed Di ive 
40th St., New York 16, N. Y. 


€)1956 by Jack & Heintz, Inc 


& H EINTZ AIRCRAFT ELECTRIC EQUIPMENT 


ae 
© 
2.5 kw 
wy 
12.3 kw 
100 amps 
7 40 kva 
20 kva 
17 kva | 
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2 INBOARD 
DROOP CYLINDERS 


2 OUTBOARD Suge 

DROOP CYLINDERS RUDDER 

POWER CONTROL 
CYLINDER 


ASSEMBLY 


RUDDER 


/ POWER CONTROL 
SERVO VALVE 


RAM AIR CYLINDER 


Suge 


2 HORIZONTAL TAIL 
POWER CONTROL 
CYLINDERS 


World's Fastest Navy Fighter 
Proudly wears 
controls 


Nine Sargent quality units have been selected to 
provide Chance Vought’s F8U-1 Crusader with instan- 
taneous, positive, feathertouch response. 


These units, Sargent fabricated to Vought specifications, 
provide a system for control for the safe, positive, 
efficient operation of this great fighter. 


The experience of more than 36 years of 
design and manufacture of precision equipment 
systems has given Sargent Engineering Corporation 
the ‘‘know-how’”’ to aid in solving the essential and 
advance problems of force control. Leading airframe 
and missile manufacturers are using hundreds of 
different Sargent hydraulic, mechanical, pneumatic, 
electrical and electronic force control units on the 
nation’s military planes, commercial planes and missiles. 


Sargent places its facilities of design and manu- 
facture at your disposal. We invite you to send your 
specifications for the Sargent proposal of your 
force control problems. 


Since 1920 
ENGINEERING CORPORATION 


pleased urn 2533 EAST 56th STREET 
the place HUNTINGTON PARK, CALIFORNIA 


ell treated 
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Simple, reliable, 


MANY, VARIED uses—from marine 
propulsion to airborne generators 
and to portable fire pumps — have 
been perfected for these versatile 
Solar engines. Both the 50 hp Mars 
and the 500 hp Jupiter gas turbines 
offer a long list of advantages over 
conventional power plants —light 
weight, compactness, ease of 
starting, simple maintenance and 
operation on a variety of fuels are 
a few of their attributes. 


SOLAR 
MARS* AND JUPITER“ 


Gas Turbine 


En gines 


Gas turbine engines deserve a 
prominent place in your forward 
planning. From the very first units, 
the Mars and Jupiter engines have 
achieved remarkably trouble-free 
service records, Their rugged 
dependability, plus the many 
unusual advantages of gas tur- 
bines, are worth your investigation. 
Dept. C-111, Solar Aircraft Com- 
pany, 2200 Pacific Highway, San 
Diego 12, California. 


Designers, Developers and Manufacturers * Gas Turbines ¢ Aircraft and 
Missile Components « Bellows * Controls * Coatings * Metal Alloy Products 


SANUARY, 1957 


IN YOUR FUTURE 


proven in service 


WRITE FOR BOOKLET. New brochure 
describes Solar gas turbines—how they 
work, advantages they offer to forward- 
looking industries, Send for a copy. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO DES MOINES 


ENGINEERS WANTED Unlimited oppor- 
tunities in Solar’s expanding gas turbine 
program! Write today, giving experience 


t 
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Instrumentation for guided missile test cell 


Wesrern Gear 


The equipment shown here is just a sampling of our 
investment to guarantee the aviation industry that the 
actuators, accessory drives, hoists, complete control sys- 
tems, and other gear drives that carry the Western Gear 
name are as reliable as modern techniques can make them. 

All product design, development and manufacturing 
efforts at Western Gear have reliability as their focal 
point. An investment of more than a million dollars in 
the most advanced testing equipment is matched by the 
careful, meticulous craftsmanship of Western Gear tech- 
nicians. It is no accident that our slogan is “The difference 
is reliability.” 

Why not take advantage of the engineering assistance 
which we make available, without obligation, in solving 
your next design problem? Get in touch with us now. 
We'll place an application engineer at your immediate 
service! Address General Offices, Western Gear, P.O. 
Box 182, Lynwood, California. Phone NEvada 6-2161. 


PLANTS AT LYNWOOD, PASADENA, BELMONT, 
SAN FRANCISCO (CALIF.), SEATTLE AND HOUSTON 
REPRESENTATIVES IN PRINCIPAL CITIES 


7 
Corpor: ON 


ENGINEERS AND MANUFACTURERS 


Production testing linear actuators 
Special stand for “life” testing 
ee 
Altitude test chamber ‘ 
Pp 
Guided missile test stand 
“The difference is reliability” * Since 1803 
5633 


Cut out for provisions 
projectiles or platoons 


The size of the load can be large and bulky, supplies in and out of short, rough, unpreparé 
the destination just about anywhere, when fields, landing at regular eight second interval 
the versatile Fairchild C-123 takes over in Proof that any large scale airlift is quick 
logistic or assault missions. and surer in the versatile, rugged C-123. 

With muscle enough for 16,000-pound bulk Here is assault and logistics performamt 
loads, the C-123 airlifts just about any load. that actually improves on military requi 
And, little more than a pasture is needed for ments—another good example of the reli 
its airfield. 700 feet for landing, and only a bility and big job capability that Fairch 
little more for takeoff. C-123’s bring men and builds into its aircraft. 


WHERE THE FUTURE !S MEASURED IN LIGHT-YEARS! 


AIRCRAFT DIVISION © HAGERSTOWN 10, MARYLAND 


A Division of Fairchild Engine and Airplane Corporation 
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1.A.S. News Notes 


January 1957 


IAS MEMBERS will have several opportunities tohear this year's Minta Martin 
Lecture. It will be presented on March19 at Massachusetts Institute of Tech- 

nology and on March 21 at the University of Maryland. Other dates on which 
it may be heard, with places still indefinite,are March 25 and 28and April 3. 

IAS Sections cooperating, in the orderof dates listed,are Boston, Washington, 

St.Louis, Los Angeles,and Seattle. The lecture will be presented by 1.Edward 
Garrick, who was appointed to the Jerome Clarke Hunsaker Professorship at 
MIT last Summer. He is Chief of the Dynamic Loads Division, Langley Aero- 
nautical Laboratory, NACA. 


A NEW IAS CORPORATE MEMBER is Aeronutronic Systems, 
Inc., a Delaware Corporation, with home offices at 1234 Air 
Way, Glendale, California. 


A DOZEN THOUSAND - The Institute has passed another milestone in its 
growth, according to a recent announcement by the Membership Department. 
Tabulations on the busy fourth floor of LIAS National Headquarters show that 
on November 30 the 12,000 members mark was passed. These are graded 
members; 3,500 Student Members put total IAS membership at 15,500. 


A CORDIAL INVITATION is extended to all graded members to 
attend the Annual Business Meeting of the Institute. It will be 
held at 5 p.m. on January 30 as part of the Annual Meeting. 
New officers (see lead story in this issue) will be introduced . 


IN GRATITUDE for a mostvaluable contribtuion to work of the LAS, the Insti- 
tute has forwarded to eath Student Branch Faculty Advisor a certificate which 
proclains: ''The Institute of the Aeronautical Sciences presents this certifi- 
cate of appreciation to (name) in recognition of his generous counsel to the 
Members of the I.A.S. Student Branch as Faculty Advisor at(name of school)."' 
It bears the seal of the Institute and is signed by Edward R. Sharp, 1956 Presi- 
dent, and Director S. Paul Johnston. 


ANOTHER BUSY YEAR is up and coming. And something new 
is being added. A Naval Aviation Meeting will take its place 
in the 1957 calendar of events. The dates will be August 6-10. 
The Review will report plans for this important event in this 
space as they develop. 


RECENT DEATHS about which the Institute has been informed include those of 
Stanley U. Benscoter, (AF), and Dennis J. Phelan, (TM). Mr. Benscoter 
was Aerophysics Specialist with Aerophysics Development Corporation and 
Mr. Phelan was Supervisor of Engineering Aerodynamics in Kansas City for 


Trans World Airlines, Inc. Both will be listed in the Necrology Section of 
the February Review. 
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1.A.S. News Notes (con’t.) 


1/28-31 
3/14-15 
6/17-20 
8/6-10 

10/1-16 


11/25-26 


3/11-15 


4/14-16 
5/13-15 


5/27-29 


NATIONAL MEETINGS CALENDAR 


Twenty-Fifth Annual Meeting, Sheraton-Astor Hotel, New York. 
Flight Propulsion Meeting, (Classified), Hotel Carter, Cleveland. 
National Summer Meeting, Biltmore Hotel, Los Angeles, Calif. 
Naval Aviation Meeting, U. S. Grant Hotel, San Diego, California. 


Sixth International Aeronautical Conference, Royal Aeronautical 
Society and IAS, London and Folkestone, England. 


International Meeting, Canadian Aeronautical Institute and IAS, 
Montreal, Quebec, Canada. 


JOINT MEETINGS CALENDAR 


1957 Nuclear Congress, Convention Hall, Philadelphia. Coordi- 
nated by Engineers Joint Council. 

National Symposium on Telemetering, Philadelphia, Pennsylvania. 

IRE National Conference on Aeronautical Electronics, Dayton, 
Ohio. IAS Session on Cooling. 


National Telemetering Conference, Hotel Cortez, El Paso, Texas. 
Sponsored by JAS, ISA, and AIEE. 


SECTION MEETINGS CALENDAR 


Philadelphia Section: Joint Dinner Meeting with SAE, Engineer's 
Club, 1317 Spruce Street, 6:30 p.m. ''The Navy's Aircraft Inte- 
grated Instrumentation Program" by Cmdr. G. W. Hoover, USN. 
Wichita Section: Dinner Meeting,Shirkmere Hotel,7 p.m. (Social 
Hour at 6:30, sponsored by The Cessna Aircraft Company). ''The 
Cessna 620" by Ralph Harmon. 

Columbus Section: Dinner Meeting, Officiers Club, Naval Air 
Station, 7 p.m. ''Application of Rocket Sled Techniques to Flutter 
Testing" by ‘William R. Laidlaw. 

Niagara Frontier Section: Specialist Meeting, Cornell Aeronautical 
Laboratory, 8 p.m. "A Discussion on the Objectives and Tech- 
niques of Weapon Systems Analysis" by Robert H. Shotz. 

Los Angeles Section: Dinner Meeting,IAS Building, 7 p.m. (Social 
Hour at 6 p.m.)"Some Unique Aspects of Flight Test Instrumenta- 
tion for VTO Aircraft" by Earl R. Hinz. 

Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 
"Engineering the Engineering Organization"' by J. H. Rubel. 
Dayton Section: Dinner Meeting, Cordell's Supper Club, Fairborn, 
6:30 p.m. ''Some Complexities of Spending Money for Military 
Aircraft" by Captain Sheldon W. Brown, USN. 

Washington Section: Dinner Meeting, Occidental Restaurant, 6 
p.m. ''Long Range Trends and Immediate Problems in Air Traffic 
Control" by David Thomas and James Anast. 
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IAS News 


A Record of People and Events 
of Interest to Institute Members 


Mundy I. Peale Elected President for 1957 


Council Also Announces Election of Four New Vice-Presidents and 
Treasurer to Take Office After Annual Meeting 


UNDY I. PEALE, President of Republic Aviation Corporation, Farmingdale, 


L.I., has been elected 
nautical Sciences for 1957, 
Flight Propulsion Laboratory, National 
Advisory Committee for Aeronautics. 


Mr. Peale was a member of the IAS 
Council for the last year and his firm’s 
Corporate Member Representative on 
IAS affairs. He will take office at the 
Honors Night Dinner—held in con- 
junction with the Twenty-Fifth Annual 
Meeting—on January 28-31 at the 
Sheraton-Astor Hotel, New York. The 
dinner will be on January 28. 


The Council, following a meeting in 
New York on November 13, also 
announced election of four Vice-Presi 
dents and the Treasurer for 1957. 
New Vice-Presidents are: 


Edwin E. Aldrin, of Montclair, N.J., 
an Aviation Consultant to Standard 
Thomson Corporation. He is a Fellow 
and Benefactor of the Institute and on 
the Advisory Committee. 


Lieutenant Gen. Laurence C. Craigie, 
USAF (Ret.), Vice-President—Engi- 
neering, Hydro-Aire, Inc., Burbank, 
Calif. General Craigie is an Associate 
Fellow of the Institute. 


Earl D. Osborn, Chairman of the 
Board and Founder in 1925 of Edo Cor 
poration, College Point, N.Y. Mr. 
Osborn is an IAS Associate Member 
and serves on both the Advisory and 
Finance Committees. He also is his 
firm’s Corporate Member Representa- 
tive on IAS matters. 


Roy E. Marquardt, President, Mar 
quardt Aircraft Company, Van Nuys, 
Calif. Mr. Marquardt is an Associate 
Fellow of the IAS and his firm’s Corpo 
rate Member Representative. 


For 1957 Treasurer, the Council chose 
Preston R. Bassett, a Consultant with 
the Sperry Rand Corporation, New 


President of the 
succeeding Edward R. 


Institute of the Aero 


Sharp, Director of Lewis 


York. Mr. Bassett, who was President 
of the Institute in 1947 and is winding 
up a 3-year term on the Council, is an 
Honorary Fellow of the IAS, Chair 
man of the Executive Committee, 
and a member of the AERONAUTICAL 
ENGINEERING REVIEW Editorial Advi- 
sory Committee in the Instruments 
field. 


The Council re-elected 5. Paul John- 
ston as Director of the Institute. Mr. 
Johnston will begin his twelfth year 
with the IAS in May. Also re-elected 
were Secretary Robert R. Dexter and 
Controller Joseph J. Maitan. 


Mr. Peale, who served on the Council 
last year, will observe—almost to the 
day—his tenth anniversary as President 
of Republic when he takes office as IAS 
President. He has been a Director of 
the jet fighter-bomber firm since 
January, 1944, and Chairman of the 
Board of Republic Aviation Inter- 
national, overseas subsidiary at Lugano, 
Switzerland, since June, 1953. He also 
is a member of the Hoover Commission’s 
Task Force on Procurement, the Defense 
Department’s Procurement and Pro- 
duction Advisory Committee, and the 
Industry Consulting Committee of 
the NACA and is a Director of the 
American Can Company. In 1953, 
he served as Chairman of the Board of 
Governors of the Aircraft Industries 
Association. 


The Institute’s 1957 President joined 
Republic in 1939 as Assistant Director 
of Exports. He became a Vice-Presi 
dent and Assistant General Manager 
of the company’s Indiana Division in 
July, 1942. A year later, he was made 
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Mundy I. Peale 


Manager of the Division. Shortly 
after V-J Day, when Republic closed 
the Division, Mr. Peale was appointed 
Vice-President in Charge of Sales at 
Farmingdale. 

The new IAS President was born 
June 6, 1906, at Joliet, Il., and has been 
active in aviation since graduating from 
the University of Chicago in 1929. In 
the year which followed, he became a 
transport pilot and Western Factory 
Representative and Demonstration Pilot 
for the Sikorsky Division of United Air- 
craft Corporation. 

In 1934, Mr. Peale became service rep- 
resentative for the Hamilton Standard 
Propeller Division of United Aircraft, 
returning to Sikorsky in 1936 to assume 
supervision of sales and exports. In 
1938, he became Quality Manager. a 
post which he held until he joined Re 
public. 

Mr. Peale holds the rank of Chevalier 
in the French Legion of Honor; Com- 
mendatore, Al Merito della Repubblica 
(Italy); a citation as an outstanding 
alumnus of the University of Chicago; 
and an honorary doctorate degree in 
engineering from the Clarkson College 
of Technology. 

Mr. and Mrs. Peale and their four 
children are residents of Garden City, 
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Sixth International Aeronautical Conference Is Taking Shape; 


16 Technical Presentations, Plant Tours, Air Show on Agenda 


Travel Bureau Will Handle 
Reservation Needs for 
IAS Members 


Though the Sixth International Con- 
ference is still 8 months away, planners 
of the biennial event have filled in several 
dates to assist delegates in making plans 
to attend. The Conference, with the 
Royal Aeronautical Society, will be held 
in London and at the seaside resort of 
Folkestone, England, September 1-16. 

Arrangements have been made with a 
travel bureau to handle the reservation 
requirements of IAS members. Full 
particulars can be obtained by writing to 
IAS Conference Travel, 2 East 64th Street, 
New York 21, N.Y. (see also p. 55). 

While plans at this early date neces- 


sarily cannot be definite, the full program 
is being worked out encompassing a 
2-week period beginning on August 31 and 
concluding with the Wright Memorial 
Lecture on September 16. 

Registration is scheduled for Saturday, 
August 31, and will be continued on the 
following day, when a garden party also 
will be given. This event is being planned 
to interest especially ladies attending. 

An aircraft plant visit is on the agenda 
for Monday, September 2—also the date 
of the Society of British Aircraft Con- 
structors annual dinner. 

Following the custom of previous 
conferences in England, delegates will be 
special guests at the SBAC Farnborough 
Air Show on Tuesday and Wednesday, 
September 83 and 4. Plant visits are 
slated for Thursday and Friday, Sep- 
tember 5 and 6 


During the following 2 days, delegates 
may choose their own times for arrival at 
Folkestone. 

The week of Sunday, September 8, will 
herald arrival of the serious side of the 
Conference—exchange of information via 
technical papers and debates. 

Delegates will be addressed by the 
Presidents of both societies prior to pres 
entation of the first four papers on 
Monday, September 9. 

During the following 3 days, there will 
be twelve more technical presentations 
A reception by the Mayor is planned for 
Wednesday evening, September 11. 

Technical presentations will close on 
Thursday, September 12; a dinner has 
been arranged for that evening. 

The Wright Memorial Lecture will be 
given in London on the 16th. 


NEWS OF MEMBERS 


Edward P. Warner 


Warner Selected Recipient 
of Wright Memorial Trophy 


Edward Pearson Warner (HF, B), a 
founder of the IAS, and President of the 
Council of the International Civil Avia- 
tion, has been selected unanimously as 
recipient of the Wright Brothers Memo- 
rial Trophy for 1956. The trophy, given 
annually since 1948 for “significant public 
service of enduring value to aviation in 
the United States,”’ is administered by the 
National Aeronautic Association. 

Dr. Warner was cited for continuous 
achievement over a broad range of avia- 
tion since 1917, when he directed aero- 
dynamic research as Chief Physicist at 


the laboratory established at Langley 
Field, Va., by the NACA and started the 
agency’s first flight researches and the 
construction of its first wind tunnel. 

He was an Assistant Secretary of the 
Navy for Aeronautics during the Coolidge 
administration, and for 16 years, ending 
in 1945, he was a member of the NACA. 


In 1939 he became a member of the Civil 
Aeronautics Authority and remained 
with it and with its successor agency, the 
CAB, for more than 6 years. He was 
CAB Vice-Chairman in 1941 and from 
1943 to 1945. He was instrumental in 
bringing about the ICAO and was elected 
President of that group in 1947. 


Six IAS members of a committee appointed by University of Maryland Presi- 
dent Wilson H. Elkins to advise the University in all phases of Department of 
Aeronautical Engineering development are shown, right, during an inspection of 


its high-speed wind tunnel. In the group are 


Hugh L. Dryden (HF), William 


Littlewood (F), Walter S. Diehl (HF), Walter Tydon (AF), William B. Bergen 
(F), and S. Paul Johnston (F), IAS Director. The other member of the committee, 
William A. M. Burden (M, B), is not present. Pictured at left are A. Wiley 
Sherwood (M), Professor of Aerodynamics; Wilson H. Elkins, President; and 
S. S. Steinberg, Dean of the College of Engineering. 
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Lawrence D. Bell 


A heart ailment proved fatal on Oc- 
tober 20 to Lawrence D. Bell (AM), con- 
sidered the dean of aviation executives in 
the United States, shortly after he sur- 
rendered the presidency of Bell Aircraft 
Corporation, Buffalo, and became Chair- 
man of the Board. He was 62. 

In addition to a personal interest in the 
Institute, Bell also was his firm’s Cor- 
porate Member representative to the IAS. 
Under his guidance, Bell Aircraft rapidly 
assumed and retained a position of world 
leadership in the aviation industry. 

While his firm was not founded until 
1935, Bell poured into it the vitality stored 
up over a period of years and an interest 
born even before he became a mechanic 
for two exhibition pilots in 1912. One of 
the pilots was his brother, the late Grover 
E. Bell; the other was Lincoln Beachy. 

His first recorded contribution to air- 
craft was in 1913, when he and others 
developed the world’s first bomber air- 
craft for Mexico’s Pancho Villa. This 
was a Martin exhibition plane using gas 
pipes filled with dynamite as bombs. 

At 20, Bell was made superintendent of 
Glenn L. Martin’s airplane factory. 
\fter his appointment, he hired Donald 
W. Douglas who had just completed a new 
iviation course at Massachusetts Institute 
of Technology and was the first engineer 
to work for an airplane firm. 

The three pioneers worked together 
until 1917, when Douglas re-entered the 
Army. Mr. Bell continued with Martin 
until 1935, when the firm moved to San 
Diego. On July 10 of that year he formed 
his own company in Buffalo. 

Mr. Bell’s main interest was in research, 
development, and production. He was 
more interested in making planes than 
flying them and had definite ideas about 
the role Bell Aircraft would plan in the 
future of military planes. These ideas 
were realized early with the development 
of the Airacuda, the first all-Bell plane, 
and the P-39 Airacobra—two revolution- 
ary fighter planes. During the war years 
the firm grew, producing nearly 13,000 
completed aircraft. 

His company received nearly every 
type of award for wartime production, and 
in 1944 Mr. Bell himself received the 
Daniel Guggenheim Medal for ‘‘achieve- 
ment in design and construction of mili- 
tary aircraft and for oustanding contri- 
butions to the methods of production.” 
In 1947, the University of Buffalo awarded 
him its Chancellor’s Medal for ‘dynamic 
and creative leadership’ in aviation. 
Many other honors were conferred on him 
since that time. 

Mr. Bell’s vision never diminished 
through the years. Through his _per- 
sonal contact with his firm’s employees, 
he was responsible for many helicopter 
improvements and the nation’s first 
rocket-propelled supersonic aircraft, the 
Bell X-1., 

Significant in his life were the two 
occasions when he was almost out of 


Necrology 


Lawrence D. Bell 


aviation. When his brother died in an 
airplane accident in 1913, he decided to 
quit but later changed his mind. The 
other occasion was during the depression 
of 1985. Things were so bad that Mr. 
Bell and other officers of his new company 
almost rang doorbells to sell stock. A 
Buffalo investor saved the day with an 
investment in the firm. 


Bernard Bercovitz 


News of the death of Bernard Bercovitz 
(AM), industrialist and manufacturer of 
aircraft instruments and pumps, in Lon- 
don, on May 7, at the age of 63, has been 
received by the AERONAUTICAL ENGINEER- 
ING REVIEW. 

Born in Berlin, Germany, on October 
13, 1891, Mr. Bercovitz became affiliated 
with the Institute in March, 1942. In 
1940, having founded two British com- 
panies that manufacture instruments and 
pumps for aircraft application, he came to 
Canada at the government’s invitation 
and formed Canadian Aircraft Instru- 
ments & Accessories, Ltd., of which he 
was President and General Manager at 
the time of making application for mem- 
bership in the IAS. 

At the time of his death, he headed two 
firms— Phoenix Engineered Products Ltd., 
Toronto, Canada, and Self-Priming Pump 
and Engineering Company Ltd., London. 


Paul De Kuzmik 


Paul De Kuzmik, Technical Adviser to 
Panair do Brasil at Rio de Janiero and 
an Associate Fellow of the IAS, died 
suddenly in Frankfurt, Germany, at the 
ige of 62 on October 21. He had been 
associated with Pan American World 
Airways, Inc., in various capacities for 
more than 27 years. 

Born in Budapest, Hungary, on Novem- 
ber 30, 1894, De Kuzmik was graduated 
as a Mechanical Engineer at the Univer 
sity of Budapest in February, 1921, after 
having served during World War I in the 


Austro-Hungarian Army, first as a cavalry 
officer and later in the newly born air 
force as Engineering Officer. 

After several years in various engi- 
neering positions in the heavy industry 
of Hungary, he migrated to the United 
States in 1925 and became an American 
citizen. From 1925 to 1929, he was 
engaged in miscellaneous activities. These 
included development work on aircraft 
diesel engines at Chicago, where he made 
his home. 

De Kuzmik joined Pan American in 
New York in April, 1929, and was assigned 
to Miami as Assistant Division Engineer. 
Responsible for the Cristobal Division 

from which PAA development in South 
America began—he held this position 
until October, 1930. In the following 
month, he was transferred to Brazil and 
organized the Maintenance Department 
of the Brazilian Division of PAA which 
later became Panair do Brasil. He was 
the head of this department until May, 
1941, when he returned to the United 
States for reasons of health. 

After a leave of absence, De Kuzmik 
worked from March, 1942, to October, 
1944, at the head office of the system and 
was engaged in special studies of technical 
and economic character. At the end of 
1944, he was assigned to the position held 
at his death 

De Kuzmik became affiliated with the 
Institute in June, 1934. 


Daniel C. Sayre 


Daniel C. Sayre, a Fellow of the In- 
stitute and member since 1934, died 
October 19 after a long illness. He was 
53. 

Professor Sayre was Dean of Prince- 
ton University’s School of Engineering 
and Director of the James Forrestal 
Research Center. A member of Prince- 
ton’s faculty since 1941, he helped found 
and develop its Department of <Aero- 
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Robert J. Woods 


nautical Engineering, where he taught 
until his death. 

He organized the Boston Airport Cor- 
poration and served as its President and 
General Manager from 1925 to 1928. For 
7 years he was an instructor and Assistant 
Professor of Aeronautical Engineering at 
Massachusetts Institute of Technology, 
where he received Bachelor and Master of 
Science degrees. 

Professor Sayre was a prolific writer on 
aviation subjects. He was first Assistant 
Editor then Associate Editor of Aviation 
magazine and also was Aviation Editor 
of Newsweek. 

In 1939, he was appointed Director of 
CAA Statistics and Information. He 
organized the CAA information § service 
and founded the Civil Aeronautical Journal. 
A year later he became Chief of the 
Safety Rules Division. 

During his tenure at M.I.T., Professor 
Sayre made a significant contribution to 
commercial and military aviation through 
a 2-year intensive study of American air 
masses. He and his associates gathered 
data nearly every day in an instrument- 
laden plane called the ‘Flying Christmas 
Tree.”’ 

Other positions Professor Sayre held 
were Consulting Engineer, American Moth 
Manufacturing Corporation; Consulting 
Engineer, Jeffrey Manufacturing Com- 
pany; and Contributing Editor, The 
Technology Review. He also was associ- 
ated with the Advertising Department of 
Pan American World Airways, Inc. 

His main interest in education was to 
present his country with a fine corps of 
aeronautical engineers. Professor Sayre 

together with Kenneth H. Conditon, 
Dean of Princeton’s School of Engineer- 
ing in 1941—began drafting plans for the 
school’s Aeronautical Engineering Depart- 
ment that year. Spurred by the urgent 
need for trained aeronautical engineers in 
wartime, the department’s twofold pro- 
gram of instruction and research was 
developed ahead of schedule. Full-scale 
operation began less than 2 months after 
Pearl Harbor. 

His interest in education extended to 
research, and he was instrumental in 
setting up the Forrestal Research Center 
at Princeton. The university’s acqui- 
sition of an 800-acre tract formerly occu- 


pied by the Rockefeller Institute for 
Medical Research paved the way for the 
establishment of the center. Shortly 
after plans for the center were announced 
in 1951, Professor Sayre was named its 
Director. 

Survivors include his widow, the former 
Rosamond Foster, a daughter, Mrs. 
Nathan Haverstock, and a son, William 
H. Sayre. 


Robert J. Woods 


A heart attack on November 3 claimed 
Robert J. Woods, a Fellow of the [AS and 
member since 1934, and cofounder with the 
late Lawrence D. Bell of Bell Aircraft Cor- 
poration. The day before he died, Mr. 
Woods, 52, had been appointed Director 
of Engineering and Sales at Bell’s new 
Aircraft Division 

Prior to his death he had planned to 
speak on VTOL aircraft and converti- 
planes at two IAS Section meetings. Out 
of respect to his memory, the Niagara 
Frontier Section canceled its November 
14 meeting 

Mr. Woods was known for the revolu- 
tionary Bell Airacuda and _ Airacobra 
fighters he designed before World War II. 
He also designed the Bell X-1, first super- 
sonic rocket plane, and the jet-powered 
X-h, first plane able to vary the sweep of 
its wings in flight. The X-1 was the 
first plane to fly faster than the speed of 
sound. 


Mr. Woods began his career in aviation 
after he received a Bachelor of Science 
degree in Aero and Mechanical Engi- 
neering at the University of Michigan in 
1928. In August of that year, he joined 
the NACA Variable Density Wind Tunnel 
Staff at Langley Field, Va. Later, he 
joined Towle Aircraft Company of De- 
troit, where he designed a twin-motor, 
all-metal amphibian 

Thereafter he was Project Engineer at 
Detroit Aircraft Corporation where he 
designed the XP 900; Project Engineer 
at Lockheed Aircraft Corporation, Bur- 
bank, Calif.; and Project Engineer, Con 
solidated Aircraft Corporation, where he 
designed the YIP-25, YIA-11, P-39, and 
A-11 military aircraft 

Mr. Woods was credited by the late Air 
Force Chief Gen. H. H. “Hap” Arnold 
with giving the United States the most 
striking development in fighting aircraft 
in the period preceding World War II. 
Mr. Woods’s reported comment was, “I 
merely collected opinions and consolidated 
them.” 

He was only 34 when he designed the 
Airacuda, a twin-engined, multiplaced 
fighter with pusher-type engines and two 
flexible-mount 0.387-mm. cannon. The 
unusual design of his next fighter, the 
P-39, included engine installation behind 
the pilot with an extension drive shait 
9 ft. long extending to the propeller gear- 
box, tricycle landing gear, and a 0.37- 
mm. cannon firing through a_ hollow 
spinner. 

Mr. Woods was awarded the Medal of 
Freedom by President Truman for assess- 
ing German aircraft techniques for the 
Air Force after V-E Day. He served on 
the Aircraft Armament Panel Committee 
of the Aeronautics, Research, and Devel- 
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opment Board; as Chairman of the Air 
Weapons Panel and a Consultant on its 
Aircraft Committee; and on the Ordnance 
Committee of the Assistant Secretary of 
Defense and was a member of NACA and 
the Committee on Aircraft Construction 


Members on the move.... 
This section provides information con- 
cerning the latest affiliations of IAS |} 
members. All members are urged to 
notify the News Editor of changes as 
soon as they occur. 


Donald G. Allan (M), Scientific Officer 
with the Defence Research Board of 
Canada, has joined the Transport Division 
of Boeing Airplane Company, Seattle, as 
Project Engineer. 

Roland C. Bergh (AF), Chief Staff 
Engineer of Republic Aviation Corpora 
tion, has been appointed Director of the 
company’s jet-noise-suppression program 
An acoustics specialist, he will devote full 
time to the program. 

Sol R. Bodner (M) has been appointed 
Assistant Professor of Engineering in 
Brown University’s Division of Engineer 
ing. Professor Bodner formerly was 
Senior Scientist at Avco Manufacturing 
Corporation’s Research and Advanced 
Development Division. 

Thomas B. Carvey (M) has been ap 
pointed Head of the Launchers and Power 
Plants Department of Hughes Aircraft 
Guided Missile Laboratory 
Mr. Carvey was formerly Assistant Head 
to the Design Integration Department 

Charles H. Colvin (F) has been elected 
to the Board of Directors of Avien, Inc., 
manufacturers of aircraft instruments and 
control systems. He is President of 
Colvin Laboratories Inc 

Robert M. DeHaven (M) has been ap- 
pointed Associate Director of Aircraft 
Operations and Flight Test at Hughes 
Aircraft Company. He had been Assist 
ant Director in the same department. 

Morris Feigen (AF) has been made 
Senior Staff Engineer of the Design In 
tegration Department, Guided Missiles 
Laboratory, Hughes Aircraft Company 
Dr. Feigen was an engineering lecturer at 
the University of California, Los Angeles, 
prior to joining Hughes. 

C. P. Fernandez (M) has joined the 
Missile Systems Division of Lockheed 
Aircraft Corporation at Holloman Air 
Force Base, N.M., as an Aerodynamicist 
“A.” He formerly was a First Lieuten 
ant, USAF, at Holloman AFB 

Ray Hermes (TM), Vice-President of 
Aeronca Manufacturing Corporation, has 
been placed in charge of a newly formed 
group, the Projects Branch, of the Opera- 
tions Division. He formerly in 
charge of sales. 


John L. McLucas (M) has been named 
Vice-President and Technical Director for 
Topp Industries, Inc., of Los Angeles 
Dr. McLucas held the same position for 
Haller, Raymond and Brown, a Topp sub- 
sidiary, for 6 years. 
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Richard A. Schram (AF) has been ap- 
pointed Assistant Sales Manager, Air- 
craft Bearing Products, at the Shafer 
Bearing Division of Chain Belt Company 
Mr. Schram held the position of Manager 
of Works Standards until his promotion. 


William B. J. Shakespeare (M) has 
joined Northrop Aircraft, Inc., as Design 
Engineer. He had been with Canadair 
Limited of Montreal. 

Arthur V. Sommer (M) has been ap- 
pointed Manager of Engineering, Chicago 
Division, American Bosch Arma Corpora- 
tion. He had been Head of the Ground 
Equipment Department, Missile Guidance 
Section, Arma Division, before the new 
appointment. 

Eugene D. Stafford (TM) has been 
named Chief of Flight Operations at 
Goodyear Aircraft Corporation's Litch- 
field Park, Ariz., plant. He had been 
Chief Pilot of the company’s heavier-than- 
air fleet at Akron, Ohio. 

William G. Street (AF) has been named 
Operations Manager of The Glenn L. 
Martin Company’s project to develop a 
nuclear-powered seaplane. Mr. Street 
formerly was Chief Flight Test Engineer 
and Project Engineer in the company’s 
Advanced Design Department. 


John A. Vaughan (M) has been ap- 
pointed Engineering Manager, Watertown 


IAS NEWS 


L. Eugene Root (F);has been appointed 
Vice-President of Lockheed Aircraft Cor- 
poration's Missile Systems Division. 
former top executive in the RAND Corpora- 
tion and Chairman of the Atomic Energy 
Commission Aerodynamics Advisory Panel, 
Mr. Root succeeds Lockheed Senior Vice- 
President Hall L. Hibbard (F), who has been 


pro tem director of the division. 


Division, New York Air Brake Company. 
He formerly was Project Engineer with 
The W. L. Maxson Corp. 


CORPORATE 


Aerojet-General Corporation... Jerome 
B. Cowen has been promoted to Assistant 
to the Vice-President—Manufacturing. 
Mr. Cowen formerly was Director of 
Government Operations in Washington. 


e Aircraft Radio Corporation has opened 
its new engineering research and develop- 
ment laboratory at Boonton, N.J., fol- 
lowing a plan developed during 30 years of 
study. The new lab building is equipped 
to stimulate flight environmental condi- 
tions such as salt spray, humidity, alti- 
tude, temperature, vibration, and shock 
in various amounts and degrees. Other 
physical features have been planned to 
provide better work areas, easier main 
tenance, and expansion adaptability 


® Aluminum Company of America is 
continuing its industrial ‘road show’ 
devised several years ago to interest poten- 
tial customers in products of the impact 
extrusion Called ‘Metal in 
Motion,” the show is an exhibit of such 
items as vacuum-bottle shells, electric- 
light sockets, and automobile parts, all 
made through the process. 


process. 


® Amphenol Electronics Corporation has 
appointed J. Frank Leach Director of 
Manufacturing, with overall responsibility 
for the firm’s multiplant activities in- 
cluding sales, engineering, and accounting 
activities. 

® American Airlines, Inc., has announced 
publication of Workhorses With Wings, 
a report outlining air-freight advantages 


available to United States industry in 
more than 800 cities, and the 1956-1957 
edition of All-American 


Vacations, its 
list of 836 package vacations. 


e Avien, Inc., has introduced to the mili- 
tary and commercial aircraft industry a 
gravimetric fuel flowmeter 
curacy is unaffected by variations in 
density, temperature, viscosity, or chemi- 
cal composition of fuel and which pro- 
vides true mass-flow indications without 
the use of auxiliary density correcting 
devices. Designed to permit accurate 
cruise control of jet aircraft, the system 
consists of only two units—a transmitter 
mounted in the fuel line and a panel 
indicator. 


whose ac- 


e Beech Aircraft Corporation has changed 
the name of its new four-place twin- 
engined executive airplane from ‘The 
Beechcraft Badger’ to ‘‘The Beechcraft 
Travel Air.’’ The change was made to 
avoid confusion with the designation 
“Badger” applied by the Air Force to a 
Russian jet-bomber. The first airplane 
to carry the name ‘‘Travel Air’’ was de- 
signed by the late Walter H. Beech in 
the middle twenties. 


Bell Aircraft Corporation... Leston P. 
Faneuf (AM), formerly Vice-President 
and General Manager and Treasurer of 
the company, has been elected President 
to succeed the late founder, Lawrence D. 
Bell. Mr. Faneuf, a Bell executive since 
joining the firm as assistant to the Presi- 
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dent in 1948, also served as Chief of the 
Corporate Staff, which coordinated the 
company’s widespread World War II 
activities. He was elected Secretary in 
1945 and to the additional office of 
Treasurer in 1951. He became Assistant 
General Manager in 1952, General Man- 
ager in 1954, and in February, 1955, was 
elected a Vice-President and a_ Direc- 
tor. . . . Niagara Frontier Division has 
been reorganized into two new operating 


groups to be known as the Aircraft 
Division and the Weapon Systems 
Division. Vice-President Julius J. 


Domonkos (AM) has been named General 
Manager of the Aircraft Division, and 
Vice-President Roy J. Sandstrom (AF), 
General Manager of the Weapons Systems 
Division. This division will be further 
subdivided into Avionics, John H. van 
Lonkhuyzen (M), appointed Manager; 
Guided Missiles, Jesse H. Zabriskie (AF), 
Manager; Research, John F. Strickler, 
Jr. (M), Manager; and Rockets, William 
M. Smith (AF), Manager. Bell’s 
turbine-powered XH-40 helicopter made 
a hover check flight recently before mem- 
bers of the Army’s Senkor Research and 
Development Board at the Texas Division 
plant, Fort Worth. 
Bendix Aviation Corporation... South 
African Airways has ordered Bendix 
X-band, air-borne weather radar units for 
installation on its Constellation and DC-7 
fleet, according to an announcement by 
Henry A. Correa, Sales Manager of the 
International Division. 
@ Boeing Airplane Company delivered its 
last B-47E on schedule to the U.S. Air 
Force Strategic Air Command recently. 
More than 1,300 of the six-jet 600-m.p.h. 
medium bombers have been built by the 
firm’s Wichita Division. A SAC crew 
flew the last model from McConnell Air 
Force Base to Smoky Hill AFB in Salina, 
Kan.... The firm’s analog computer 
enterprise has been sold to Western Elec- 
tronic Supply Co., of Seattle, with full 
rights to manufacture and sell the com- 
puter. 
e Douglas Aircraft Company, Inc., has 
leased a 1,715-acre site from Aerojet- 
General Corporation near Sacramento, 
Calif., where facilities are being con- 
structed for development work on the Air 
Force Thor intermediate-range ballistic 
missile. F. W. Conant, the firm’s senior 
Vice-President, said activities in the 
Sacramento area would not 
launching of missiles. 
e The Dow Chemical Company... Quick, 
easy, almost foolproof top performance 
for vital impedance circuits in the Snark 
guided missile, the F-89 interceptor, and 
other projects has been developed by 
engineers at Northrop Aircraft, Inc. 
Using Dow’s Silastic RTV, a new silicone 
rubber that cures at room temperature, 
Northrop engineers coated electronic 
panels and circuits with the following 
results: cushioned vibration at low tem- 
perature; maximum moisture resistance; 
improved electrical properties of the 
panel, especially surface resistivity; and 
protection against rough handling. The 
rubber coating can be slit open to replace 
an assembly component and patched with 
another application. 

(Continued on page 60) 
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QUALITY COMES FIRST 


MEMBERSHIP COMMITTEE 


John H. Arms 
Charles Froesch 

T. F. Hammen, Jr. 
Jerome Lederer 

C. E. Pappas 

R. Dixon Speas 
Elmer A. Sperry, Jr. 
F. K. Teichmann 
Charles Tilgner, Jr. 


There are few more thankless tasks on which more 
people work harder than on the Institute's Membership 
Committee. Year in and year out, without compensa- 
tion (except for the satisfaction of knowing that they 
are maintaining a high standard of member quality), 
this group examines hundreds of applications for ad- 
mission and for transfer to higher grade. This is no 
sinecure. The job demands much time and effort. 
All that our staff can do is assemble the pertinent 
facts of each case as disclosed by correspondence or 
contributed by the applicant’s sponsors. The weigh- 
ing of these facts in detail against IAS requirements 
(as defined in our Constitution and By-Laws) and the 
decision to accept or to reject are entirely in the Com- 
mittee’s hands. Last year, about 1,200 original and 
change-of-grade applications were processed. And this 
is all ““homework”’ for the nine Committee members. 

Occasionally (happily, infrequently) an applicant 
unfamiliar with our procedures fails to appreciate the 
limitations implicit in the requirement ‘participating 
in the practice of the Aeronautical Sciences.’ After 
all, we are, by charter, a technical and a scientific 
society, and it is the Council's clear intention to keep 
it so. The Membership Committee does its best to 
agree (for each case) on a proper interpretation of the 
wording “‘participating in ...the Aeronautical Sct- 
ences.’ This is not always easy. 

Sometimes members write in to say, “Why isn’t Joe 
Smith in the list of nominees for Fellow? He's just 
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as good as Bill Whatzit who has been a Fellow for 
years!’ What the Indignant Correspondent fails 
to realize is that a man must be an Associate Fellow 
for a ful! year before he is eligible for nomination for 


Fellow. Advancement to Associate Fellow is not, 
repeat automatic. A Member must himself 
apply for advancement to Associate Fellow. His 


qualifications for the grade must be passed upon by the 
Membership Committee, after a full review of the 
statements by his sponsors, which must include fa- 
vorable recommendation 


from “‘not less than four 
members of the Institute of whom two or more shall 
be Fellows or Associate Fellows’ (Section 6, By-Laws). 

We wish that more people would apply for advance- 
ment in grade. We would like to see many more 
Members and Associate Fellows on the roster than 
appear there today. Because it is neither perfunctory 
nor automatic and because certain stringent require- 
ments must be met (‘‘An Associate Fellow shall have 
been engaged for not less than twelve years in the 
practice of the aeronautical sciences and shall have been 
in responsible charge of important scientific or en- 
gineering work . . . or shall have done original work of 


outstanding character. ”), Associate Fellowship 


is a mark of distinction in the professional field. We 
Suspect that many present Members can qualify. The 
initiative, however, rests with the individual. Appli- 


cation forms for regrading may be obtained from the 


Secretary or through your local Section. And, under 
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the newly revised dues schedules (see p. 20, October, 
1956, REVIEW), no increase in cost is involved. 

In the past 10 years, at the direction of the Council, 
requirements for membership have been progressively 
tightened—our standards continually raised. ‘‘Qual- 
ity’’ of membership is considered far more important 
than quantity. We never undertaken any 
campaigns or offered special inducements to increase 
membership. We have long been convinced that intelli- 
gent local Section activity —with good technical pro- 
grams and with active member participation 
best way to attract and to hold members. 

That such policies are sound is reflected in our 
growth curve. 


have 


is the 


There have been no violent up or down 
was no “wartime peak.” In_ spite 
of the continually tighter requirements for technical 
competence imposed by the Membership Committee, 
the rate of increase over the past 10 years has been 
along a straight line. As of the end of this year, we 
have more than doubled the figure at the end of World 
War II. We think that this is a healthful situation. 
We see no signs of any change in trend. 

For this we have to thank two groups—(1) the 
people at the Section level whose excellent programs 


swings. There 


continue to attract new members into the organiza- 
tion, and thus build up our numbers, and (2) the hard- 
working Membership Committee whose job it is to 
maintain quality at the desired level. Their contribu- 
tions have made us what we are today. Sih. 
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A survey of problems 
encountered in some 
aerolhermodynamic analyses of 
bodies in hypersonic flight 
within the earth's atmosphere. 


Some Problems in the 


Aerothermodynamics of Hypersonic Flight 


LO 
SYMBOLS 

D = twice the radius of curvature at the stagnation point of 
a blunt nose 

6 = standoff distance between shock wave and stagnatio! 
point 

M, = free-steam Mach Number 

pi = static pressure in front of shock wave 

q = heat-transfer rate 

T, = static temperature in front of shock wave 

T2 = static temperature behind shock wave 

Tw = temperature of surfaces 

T = static temperature at edge of boundary layer 

vy) = velocity in boundary layer 

V = free-stream velocity vector 

x, y = coordinates parallel to and normal to surface, respec 
tively 


INTRODUCTION 


| ee PRESIDENTIAL ANNOUNCEMENT Of July 29, 1955, 
regarding an earth satellite has focused public at 
tention on man’s first efforts at launching a space ve 
hicle. By now, every thinking person is awaiting word 
of the progress of Project Vanguard, the National 
Science Foundation’s sponsored International Geo 
physical Year Satellite Program. A host of papers 
have appeared in various journals regarding the flight 
mechanics of satellites and other extra-atmospheric 
vehicles (see, for example, reference 1). It appears that 
the problems associated with space motion have been 
thoroughly speculated upon. 


There remains, however, a problem area of consider 
able importance. Each satellite body, meteorite, or 
other extra-atmospheric object traveling at less than 
escape velocity must eventually succumb to the retard 
ing influence of the tenuous space particles and_ re 
enter the earth’s atmosphere at very high velocity. As 
soon as the body enters the “dense’’ atmosphere, it is 


* Assistant to the Director of Scientific Research, San Diego, 
Calif. 


William H. Dorrance* 


A. Division of General Dynamics Corporation 


within the regime of the hypersonic aerodynamicist. 
It is the purpose of this paper to discuss in a general 
way some of the problem areas inherent to this flight 
regime. The particular flight regime of interest is the 
hypersonic, continuum-flow regime wherein the mean 
free paths of the gas molecules are much less than sig- 
nificant dimensions of the flow field about the object. 
Problems concerned with slip flow and free molecule 
flow? are beyond the scope of the present discussion. 


DISCUSSION 
Fig. | illustrates the velocity-altitude region of con 
cern. In general, we are concerned with velocities ap- 
proaching escape velocity at altitudes below about 120, 
OOO ft. 


vehicles ranging from conventional missiles to velocities 


The region of interest includes velocities for 
exceeding those achieved by earth satellites. Superim- 
posed on Fig. 1 is a line denoting Knudsen Number 
equal to 0.01 selected by Tsien? as the vicinity of the 
boundary between continuum flow and slip flow along 
a flat plate. Below this line on Fig. 1, continuum flow is 
assumed to exist. 


Fig. 2 demonstrates the local areas of the interest 


#t. 


Altitude in thousands of feet 


2 20 4 32 36 
Velccity in thousands of ft,/Sec. 


Fic. 1. Velocity-altitude region of hypersonic flight. 
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Fic. 2. Regions of interest in the flow field surrounding a hy- 


personic body. 


surrounding a hypersonic body. The problems facing 
designers include calculation of resistance and motion of 
the body and the possible effects of excitation of the 
higher energy levels of the gas molecules on heat trans- 
fer to the body, on communication with the body, and 
articular 
problems to be mentioned are the effect of the strong 


on detection of the presence of the body. 


shock wave on the air passing through the shock wave 
and the behavior of the air within the thin viscous 
boundary layer surrounding the body. None of these 
problems can be treated accurately with classical aero- 
thermodynamic theory, which generally assumes the 
air to be a perfect gas. 


Shock-Wave Characteristics 


At Mach Numbers above about 6, the air passing 
through a normal shock wave begins to exhibit charac- 
teristics of a nonperfect gas. The air is sufficiently com- 
pressed and heated on the downstream side of the 
shock front to cause progressively excitation of the vi- 
brating mode of the diatomic molecules, dissociation 
of the diatomic molecules, and, finally, ionization of the 
molecules and atoms as Mach Number increases. Since 
each of these phenomena takes a certain number of 
collisions, a finite time or distance is required for the 
downstream gas particles to reach their equilibrium 
state. Needless to say, several relaxation times enter 
in according to the different excitations involved and 
because of the different molecules and atoms which make 
up the air. 

Fig. 3 shows calculations of the static temperature 
jump across a normal shock wave for an upstream pres- 
sure of 0.01 atmosphere and upstream temperature of 
1OO°R. appropriate to conditions at about 100,000-ft. 
altitude. 
zero relaxation time for arrival at an equilibrium state 
downstream of the shock front. The difference in 
downstream temperature owing to the nonperfect na- 


Assumptions implicit in this calculation are 


ture of the air is apparent and considerable at Mach 
The calculations were made 
by Romig* using recent equilibrium state air properties 
provided by the Bureau of Standards.* 


Numbers above about 8. 
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It will be noted in Fig. 3 that temperatures approach- 
ing 16,000°R. can be present in the air near the stagna- 
tion point of a body moving at Mach 20. Considerable 
radiation from the hot gas to the body could occur if 
anything near black body radiation was realized. This 
emphasizes the importance of measurements of the 
radiation spectrum and absorption properties of the hot- 
gas species in the neighborhood of the stagnation point 
of a blunt hypersonic body. 


Boundary-Layer Characteristics 


The air within the boundary layer surrounding the 
body will be heated to high temperatures by viscous 
work done within the boundary layer. Fig. 4 shows 
calculations made by Romig and Dore® of the tem- 
perature profile through a laminar boundary layer along 
a thin flat plate moving through the atmosphere at 
about 11,500 ft./sec. 
shown 


Two temperature profiles are 
one calculated under the assumption that the 
air is perfect, the other calculated using equilibrium air 
properties. The difference in the magnitude of the tem- 
perature at any point is considerable and is attributed 


to partial dissociation of the air molecules. Again, it 


emperature ratio across 


normal shock wave 
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Fic. 3. Effect of vibration and dissociation on static-tempera- 


ture ratio across a normal shock wave 
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Fic. 4. Effect of real gas properties on flat-plate temperature 


profiles for hypersonic flow. 
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was assumed that the equilibrium conditions prevail or 
that the relaxation times are zero. Also, possible dil 

fusion of atomic species toward the surface with their 
recombination there was neglected. 

There exists the possibility that the boundary layer 
surrounding the body will remain in a laminar state 
even at the extreme Reynolds Numbers realized by hy 
personic bodies of significant size in the lower atmos 
phere. According to the Lees-Lin stability theory,’ ther« 
may exist a region of infinite boundary-layer stability to 
infinitesimal two-dimensional disturbances under the 
conditions shown on Fig. 5. 
work of Romig and Dore,’ are shown 
assuming that the air is perfect and that the Prandtl 
Number is constant at 0.75, the other assuming equi 


Two curves, from the 
one calculated 


librium air properties wherein, in the vicinity of the criti 
cal point in the boundary layer, the Prandtl Number is 
0.66. Itis apparent that the region of stability is sensi 
tive to the true state of the air within the boundary 
layer. 


The Possible Existence of Optimum Noise Radius 


When a blunt body moves in the air at hypersonic 
speeds, the shock front ‘‘stands off”’ from the stagnation 
point at a distance 6 related to the radius of curvature 
at the stagnation point, the state of the gas behind the 
shock front, and the flight Mach Number.’ In general, 
at any hypersonic Mach Number, the larger the nose 
radius of curvature the larger the standoff distance and, 


wall temperature 
stream temperature 


8 % 24 6 IB 


2.78 -® 
Free stream Mach number ~M, 


instability on region of infinite stability. 


Relative heat transfer rate ~ 
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Fic. 6. The existence of an optimum nose radius for a hypet 


sonic body. 


NG REVIEW 


-JANUARY, 1957 


Effect of Prandtl Number in region of boundary-layer 


A. PROPERTIES ASSOCIATED WITH SHOCK WAVE STRUCTURE 


Geometry of shock wave 
2) Composition of air behind shock wave 


3) Rates of excitation, dissociation and ionization in air behind 
shock wave 


B. PROPERTIES ASSOCIATED WITH BOUNDARY LAYER HEAT TRANSFER 


1) Composition of air at high temperature 
2) Viscosity, Conductivity, Specific Heat and Prandtl Number 
3) Rates of excitation, dissociation and ionization in high temperature air 


C PROPERTIES ASSOCIATED WITH RADIATION HEAT TRANSFER 


1) Composition of air 

¢) Absorption and emission bands of hot gas mixture 

3) Rates of excitation, dissociation, and ionization in high temperature gas 
4) Pressure, Temperature, Density and Velocity in hot gas field 

5) Geometry of hot gas field 


Fic.7. Air property data needed for high-velocity, high-temper- 
ature continuum-flow aerothermodynamic analyses 
hence, the larger the region of hot gas. This hot gas 

may be radiating considerable heat to the body. 

However, it is known® that the convective heat trans- 
fer to the stagnation point decreases at a rate inversely 
proportional to the stagnation point radius of curva- 
ture. 

Thus we arrive at a circumstance leading to the possi- 
ble existence of an optimum nose radius for minimum 
heat transfer to the stagnation point. Fig. 6 illustrates 
the appearance of this optimum nose radius. 


DaTA NEEDED TO FURTHER THE ANALYSES 


Although the calculations reported herein take into 
account the effect of the imperfection of air molecules, 
it is apparent that many questions remain to be re- 
solved. For example, what is the effect of a finite re- 
What are the air 
properties including viscosity, conductivity, specific 
heats, diffusion coefficients, and Prandtl Number under 
high-temperature, high-pressure conditions when the ait 
is in shearing motion? 


laxation time on these phenomena? 


How does the hot gas radiate 
energy, and what are the pertinent physical properties 
of the hot gases? 

Fig. 7 lists some high-temperature air properties de- 
sired to continue analyses of the various problems dis- 
cussed herein. It is our hope that the coupling of care 
ful measurements with appropriate theory will yield 
the data we seek. 
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Selection of Testing Locations in 


Aluminum Die Forgings 


Experimental evidence shows the high dependence of the level of mechanical properties on the angle 


between testing direction and grain ares. 


Mechanical property tests must be carried out strictly 


in relation to the grain axes in order that representative, comparable, and predictable results may be 
obtained regardless of the shape and type of the forging. 


INTRODUCTION 


bbe AIRCRAFT DESIGN ENGINEER has the difficult 
problem of utilizing materials for the best func- 
tional transfer or distribution of loads using a mini- 
mum amount of weight and space. In the case of 
metal parts, one of the main difficulties in an optimum 
material utilization arises from the anisotropy of 
wrought metals, the variation of mechanical properties 
with the direction of testing. Since forgings lack the 
simplicity of products such as sheet, and extrusions, 
the selection of representative mechanical 
locations constitutes a major problem. 

This discussion of the selection of testing locations 
in aluminum-alloy forgings may contribute to the 
understanding of the effect of directionality on me- 
chanical properties and thus to a better utilization of 
the material by the design engineer. 

Two different types of test sample, each with dis- 


testing 


tinct functions, are recognized: 


(1) **Property Level’? Test Samples From Forgings 


The prime function of these samples is to give repre- 
sentative test results which will be indicative of the 
level of mechanical properties for a given alloy, metal 
condition, and fabricating procedure of the forging. 
The directionality of mechanical properties needs to 
be taken into account, and the general condition in the 
selection and testing of standard test pieces is that any 
differences in test results should be a true reflection of 
variations in fabricating procedures or metal condi- 
tions. 


2) “‘Location”’ Test Samples 


These are test samples taken under the control of 
the forging customer or designer to aid in establishing 
mechanical properties at any location or in any direc- 
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Fic. 1. Cast and extruded aluminum-alloy parts, artificially 
separated along grain boundaries to show the shape and orienta- 
tion of metal grains. 


tion necessary for the evaluation of the serviceability of 
the particular forging. 


DIRECTIONALITY OF MECHANICAL PROPERTIES 


Metals are polycrystalline materials, and in the as- 
cast condition the crystals or grains are more or less 
equiaxed and can have a random crystallographic 
orientation. Plastic deformation during the fabrica- 
tion of wrought products leads to a preferred orientation 
in which the metal crystals, the nonmetallic inclusions, 
the imperfections, and intermetallic compounds are all 
aligned in the principal direction of flow in the metal. 
Fig. 1 shows as-cast and extruded materials, both arti- 
ficially separated along the grain boundaries to illustrate 
the shape and orientation of metal grains. 

The fractures encountered in the static testing of 
metals can be of shear or cleavage type. In aluminum 
alloys, shear fractures are caused by slip in specific 
crystallographic planes and directions—namely, the 
slip plane and the slip direction. Cleavage fractures in 
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Fic. 2. (a) Tensile properties for various test specimen orientation in Alean 75S-T6 (AA7075- T-6) alloy. Extruded 6-in. diameter 
round rod. (b) Tensile properties for various test specimen orientation in Alean 75S-T6 (AA7075 T-6) alloy. Forging made from 6-in 
diameter extruded rod by flattening perpendicularly to extrusion axis to2in. (A) Longitudinal-long transverse plane. (B) Longitudinal- 
short transverse plane. (c) Tensile properties for various test specimen orientation in Alean 75S-T6 (AA7075 T-6) alloy. Rolled 1.5-in 
plate. (A) Longitudinal-long transverse plane. (B) Longitudinal-short transverse plane 
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Fic. 3. (a) Tensile properties for various test specimen orientation in Alean 26S-T6 (AA2014 T-6) alloy. Extruded 6-in. diameter 


round rod. (b) Tensile properties for various test specimen orientation in Alean 26S-T6 (AA2014 T-6) alloy. Forging made from 6-in 
diameter extruded rod by flattening perpendicularly to extrusion axis to2in. (A) Longitudinal-long transverse plane. (B) Longitudinal 
short transverse plane. (c) Tensile properties for various test specimen orientation in Alcan 26S-T6 (AA2014 T-6) alloy. Rolled 1.5-in 
plate. (A) Longitudinal-long transverse plane. (B) Longitudinal-short transverse plane. 


Fic. 4. Forging in Alcan 75S, illustrating typical grain for this Fic. 5. Forging in Alean 26S. 
alloy. 
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contrast are due to excessive normal stresses across 
crystallographic planes of low indices, the cleavage 
planes. In some cases, a combination of the two types 
of fracture can be observed, particularly if a crystallo- 
graphic cause for fracture is combined with a mechanical 
cause such as the notch or discontinuity effect of an 
imperfection. 

The maximum normal stresses in a tensile test bar 
are parallel to the long axis of the specimen, and the 
maximum resolved shear stresses are at 45° to it. 

Since a test bar is subject to a fixed stress system and 
the metal product has preferentially oriented planes of 
crystallographic and mechanical weakness, the rota- 
tion of one over the other will obviously lead to a vari- 
ation in mechanical properties with the orientation of 
the test bar and thus the direction of testing. 

Figs. 2 and 3 give experimental results of the vari- 
ation of mechanical properties of extrusions, forgings, 
and plate with the angle between testing direction and 
the direction of the long axis of the grain. 

It is important to the design engineer to know that 
in some cases reductions in the Ultimate Tensile 
Strength of 8-15 per cent, in Yield Strength of 8-20 
per cent, and in Elongation of 15-35 per cent are 
possible with an angular variation of 30° to 45° from 
one of the main axes of the grain. 

In general, a good estimate of the directional vari- 
ation of mechanical properties at a given point can be 
obtained from a study of the size and shape of the grain 
at that point. To a first approximation, the shape and 
orientation of the grain approaches the shape and orien- 
tation of the ellipsoid formed by the vector representing 
the magnitude and direction of mechanical properties 
at that point. 

Figs. 4 and 5 show the grain patterns in two similar 
forgings made in two different alloys. 
shown in Fig. 4isin Alean 75S. It hasa very elongated 
grain, high longitudinal properties, and pronouncedly 
lower mechanical properties in the transverse direction. 
The less directional grain of the forging in Fig. 5 (Alcan 
26S) indicates a lower level of longitudinal properties 
and also a small directional influence on the properties. 

It should be noted that this is a first approximation 
only since the limiting effect of alloy type, recrystalliz- 
ation, ete., and the interaction of different types of 
fracture are not taken into account. 


The forging 


Basic METHODS OF TESTING FORGINGS 


In the majority of cases, the shape of a forging is re- 
lated to the direction and magnitude of stresses to which 
the piece will be subjected as a structural component. 
Since the mechanical properties are highest in the longi- 
tudinal direction of the grain, it is usual to have the 
grain follow the contour:of the forging with its long 
axis in the presumed or specified direction of maximum 
stresses. 

The fact that tests taken in different directions in 
respect to the three axes of the grain give different 
levels of properties is well known. Most material spe- 


cifications call for different mechanical properties in the 
longitudinal, long transverse, and short transverse di- 
rections. At the same time, in most specifications the 
definitions and descriptions of testing locations leave 
much to be desired, and considerable confusion has 
arisen. 

In principle, two different approaches can be used in 
the selection of testing locations. 

One method is to select testing locations and direc- 
tions in relation to the three axes of the grain in the 
particular forging. Longitudinal test bars then coin- 
cide with the long axis of the grain, long transverse 
with the intermediate, and short transverse with the 
short axis of the grain. This method, if correctly 
applied, gives results which are representative of the 
level of mechanical properties obtained in a forging. 
The results obtained in this way can also be compared 
directly with results obtained in other forgings of simi- 
lar size regardless of shape, etc. 
property level testing. 

Another approach to the testing of forgings originates 
in the requirement of the designer to know the mechani- 
cal properties in a particular location and direction 
of a forging—for example, perpendicular to a lug of 
the forging or tangential to the contour of a boss, ete. 
Test bars of this type often cut at an angle across the 
grain. 


It is a method of 


As shown in the previous section, the proper- 
ties vary appreciably with the angle between testing 
and grain directions, and methods of testing of this type 
should, therefore, be treated as a separate class 
namely, as /ocation testing. 

These two types of testing must be recognized and 
each treated on its own merits, or a considerable amount 
of misunderstanding will occur. 


Fic. 6. Rib forging. Sections showing grain patterns in the 
three main planes and “property level” testing locations. Recom- 
mended—full lines; Poor—dotted lines. 
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terns in the three main planes and ‘‘property level” testing loc 
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tions. Recommended-——full lines; Poor—dotted lines 


PROPERTY LEVEL TESTING 


The representative mechanical properties in a forging 
should be determined by tests in the longitudinal, long 
transverse, and short transverse directions. These test 
ing directions are understood in relation to the direction 


of the grain namely, 


Longitudinal—testing direction coinciding with the long axi 
the grain. 
Long transverse—testing direction coinciding with the inter 

mediate axis of the grain. 
Short transverse—testing direction coinciding with the short 
axis of the grain and test bars across the parting plane 


close to the parting line. 


This last stipulation for short transverse test bars is 
to ensure that the test is made across an area of maxi 
mum flow with highest shear stresses, thus in the weak 
est direction and location. 

To ensure that the testing locations and directions 
on a forging are correct, grain pattern samples ought 
to be taken first. 
good selection is possible by a simple study of the shape 


In the majority of cases, however, a 


of the forging combined with a knowledge of the stock 
and fabrication procedure used. 

When making a selection of test bar locations for 
property level testing, the following points should be 
kept in mind: 


(1) Test bars should be located in areas of mainly 


simple flow, while areas of complex flow such as june 
tions of ribs, bosses, lugs, etc., should be avoided. 

(2) The infiuence of the stock used should be kept 
in mind, particularly in view of possible residua/ cast 
structure or residual grain directionality. 


(3) The excessive influence of the quench mass ef] 
and the deformation mass effect in heavy sections should 
be avoided. 
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(+) In addition, the test bar size and shape should be 
considered. The largest subsize or standard test bar 
compatible with the size and shape of the forging should 
be chosen in each case. The choice of a single test bar 
size for all tests would be preferable but is not always 
possible. 

(5) Test bars should have a circular cross section 
since flat test bars must be machined from a forging with 
great care to avoid erroneous results due to the lower 
degree of precision in measuring and making and the 
notches introduced by normal milling of all faces 
(notch effect). 


Most forgings are composed of a limited number oi 
standard shapes, and the choice of testing locations 
should take into account the inherent characteristics 
of these shapes. 


Rib Sections 


Ribs are excellent places for the location of test bars. 
Longitudinal test bars should be taken 
ribs which follow the general direction of the long axis 


along the 


of the grain in the stock while /ong transverse bars may 
be taken out of ribs at right angles to this direction. 
The difference between longitudinal and long trans- 
verse directions will be more pronounced in forgings 
with higher residual directionality—as, for instance, 
forgings made from extruded stock. The test bars 
should be located, if possible, above or below the part 
ing plane to avoid the influence of excessive shear areas. 
Short transverse bars should cross the parting plane, 
otherwise they are not representative. They should 
also be close to the parting line and thus cross the area 
of critical shear. 

Test bars should not be located in areas of junctions 
of ribs, bosses, lugs, or sudden cross-sectional variation. 
The grain, following the contour of the forging, would 


be crossed by the test bar in such a manner that the 


original requirement would not be fulfilled. 


Fic. 8. Barrel forging with ‘‘property level’ testing locations 


Recommended—full lines; Poor—dotted lines 
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TESTING 


Fig. 6 shows, for a simple rib forging, the recom- 
mended test bar locations (full line) and locations to be 
avoided (dotted line). 


A more complex forging is 
shown in Fig. 7. Samples showing the grain pattern 


in the three planes illustrate the problem quite clearly. 


Web Sections 


Web sections are not recommended for the location 
of test bars. They are usually too thin for appropri- 
ate-size round bars, while their structural role is gen- 
erally less important. Otherwise, the same rules as 
outlined for rib forgings should be followed. Par- 
ticular care should be taken to avoid test locations 
in areas of sudden thickness changes, such as bosses and 


lugs. 


Cylinder Barrel Sections 


The term “barrel forgings’’ is given to hollow cylin- 
ders—that is, forgings which have been rough-ma- 
chined by having their centers drilled out before heat 
treatment. Cylinder forgings fall into the same group 
since most of them are ultimately bored out for final 
use. 

Longitudinal test bars should normally be taken from 
the cylindrical section parallel to the long axis of the 
They should be located close to the surface, 
off the parting plane, and clear of bosses, lugs, and 
sudden dimensional variations. 

Long transverse test bars should be taken at right 
angles to the longitudinal bars and not across the part- 
ing plane. 


forging. 


They should also be kept away from areas 
of strong dimensional change. In general, the level of 
properties obtained from long transverse test bars in 
evlindrical forgings is often slightly lower than expected 
since the test bars are actually tangential to the circular 
grain pattern, and the grain enters and leaves the test 
This distortion of results 
might become critical in cylinders with a small diam- 
eter. 


bar at an angle to the axis. 


Short transverse test bars should be taken at right 
angles to the longitudinal bars, across the parting 
plane, and close to the parting line. 

Fig. S shows recommended testing locations in the 
Fig. 12 
shows the grain flow in the bosses and lugs of this 
forging, illustrating why these areas should be avoided 
for “‘property level’ testing. 


three directions, in a cylindrical forging. 


Massive Forgings 


“Massive forgings’ is the term given to forgings 
with a large cross-sectional area. The grain in such 
forgings is not very directional, and the pattern is 
difficult to anticipate. 

As a rule, the best testing locations are along the 
edges of the forging in the three directions. Test bars 
should be taken relatively close to the surface. Areas 
with drastic dimensional changes should be avoided. 

Fig. 9 shows typical testing locations in a massive 


forging. 
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Fic. 9. Massive forging with “property level” testing locations. 


Recommended—full lines; Poor—dotted lines. 


Fic. 10. Upset, dise forging. ‘Location testing.”’ 


Fic. 11. 


Ring forging 


“Location testing.” 
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Fic. 12. Grain flow in some sections of the barrel forging 


shown in Fig. 8. Sections 1 and 2 illustrate ‘contour testing, 
section 3 shows “general location’’ bars, and section 4 shows 
misplaced “‘contour’’ bars. 


Disc Forgings (Upset) 


The amount of upset in dise forgings governs the di 
rection of the grain and the variation in properties. In 
many cases, grain pattern samples will be required in 
order to establish correct testing locations. Even in 
discs which have been upset to an extent that the grain 
is mainly radial, certain complications arise due to the 
different amounts of plastic flow in the center and in 
the outside areas. Tangential test bars on the outside 
of the dise will have highest properties in such a cas« 
They will. be closely followed by radial bars while tan 
gential bars close to the center show the lowest prop 
erties in the plane of the disc. Almost any other com 
bination or sequence of levels is possible, depending on 
the amount of upsetting, and it would therefore b« 
more reasonable to test discs according to the location 
testing technique, which in this case would specif 
radial, tangential at outside, tangential at center, and 
short transverse testing. Fig. 10 illustrates thes: 
testing locations. 


Ring Forgings 


Rings are generally press-rolled from hollow or drilled 
The directionality of the grain and thus the 
variation of properties depend on the amount of plasti: 
deformation. 


ingots. 


In a well-worked ring, the highest prop 
erties and the longitudinal axis of the grain are found 
in bars taken tangentially to the ring. Test bars 
taken parallel to the axis of the ring are of long trans 
verse type while short transverse bars have radial dire: 

tion. It would be preferable, however, to use here, as 
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well, the location testing technique and identify the 
bars as tangential, axial, and radial. 

Fig. 11 shows the typical testing directions in ring 
forgings. 


LOCATION TESTING 


Location testing covers the group of mechanical 
tests required by the designer to indicate properties in a 
specific location and direction without regard to the 
angle between test bar and grain direction. Since such 
test bars usually cut at an angle across the grain, they 
should be treated as special cases and should not be 
confused with bars taken in the direction of one of the 
axes of the grain. 

Location testing can be divided into “contour test 
and “general location testing.”’ 


Contour Testing 


The properties of contour-following specimens usually 
vary between the values of longitudinal and long trans 
verse test bars, depending on the angle at which the 
grain cuts across them or curves through them. In some 
cases when this angle is between 30° and 60°, the prop 
erties might be lower than those of long transverse 
tests. A reasonable prediction of properties can be 
obtained by assuming that the grain pattern follows 
the contour of the forging. Test bars which are 
parallel to the contour of the forging and shorter than 
the ridge or face which they follow show longitudinal 
or slightly lower properties. Test bars which are tan- 
gential to a curved ridge or face of the forging have 
properties which decrease with decreasing radius of 
curvature. The sharper the radius of the surface and 
thus of the grain, the lower the properties of the tangen- 
tial test specimen. Since the critical nature of the 
angle between test specimen and grain is sometimes 
not fully realized by designers, it often happens that 
specified testing locations are slightly misplaced since 
they do not quite follow the contour or extend too far 
from a boss into the main section, thus cutting across 
the grain at an unnecessarily unfavorable angle. 

This should be brought to the attention of the de- 
signer since the shape of the forging usually corresponds 
to the main stress distribution of the piece as a struc 
tural component, and it would be more reasonable to 
test the forging in the direction of the main stresses. 


Sections 1 and 2 of Fig. 12 illustrate ‘“‘contour test 


ing,’ and Section 4 shows misplaced contour bars 


General Location Testing 


Test specimens which follow none of the axes of the 
grain nor the contour of the forging are classed as 
general location bars. Their properties might range 
from longitudinal to short transverse, depending on the 
case, and no general rule can be established for them. 
An approximate indication of mechanical properties to 
be expected can be obtained by studying their direc 
tion in respect to the expected grain flow. Section 3 
of Fig. 12 shows typical ‘‘general location”’ bars. 
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The spectrum of types includes tail sillers, ducted propellers, tilt wing, lilt engine, and deflected air stream. 


Basic 


physical considerations are discussed regarding development of static thrust, hovering lifting ability, etc. 


INTRODUCTION 


FIXED-WING VTOL aircraft is one that will take off 
A and land vertically like a helicopter and depend 
for its lift in forward flight on fixed wings (without any 
additional rotors which do or do not contribute lift). 
Such aircraft are needed because they offer the obvious 
advantage of vertical operation of the helicopter, 
combined with the high speed, range, economy, and 
versatility of the conventional aircraft. The imme- 
diate application is with the military for all sorts of uses 
from transport to attack. The feasibility of such air- 
craft is occasioned by the lightweight, high-power tur- 
bine engines and new aerodynamic developments. 
The spectrum of the propeller-driven types includes 
the ducted propeller, tilting wings, deflected slipstream, 
and tail sitters. The jet VTOUL aircraft include the 
tilting jet, the tail sitter type, and the deflected jet. 

The Ryan Aeronautical Company has made, and is 
now making, contributions to this field aside from its 
pure jet VTOL which has received some publicity. 
This work has examined the entire field and has con- 
centrated on the deflected slipstream principle. The 
Office of Naval Research and the U.S. Army have spon- 
sored most of this work. 

There has been considerable discussion of late on the 
relative merits of VTOL and STOL aircraft. Such a 
discussion is ambiguous because when vertical operation 
of the aircraft is required STOL aircraft offers no sub- 
stitute whatsoever. The vertical ability, as demon- 
strated by the helicopter in the Korean war for both 
rescue and combat duties (reconnaissance, wire laying, 
troop movement, etc.), is a unique operational re- 
quirement. VTOL is not merely an advantage over 
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the STOL types—it is the only aircraft that will 
satisfy this unique requirement. Helicopter operations 
are often from an area little larger than the landing-gear 
spread. Having to use any ground roll in such cir- 
cumstances makes the aircraft useless. A true VTOL 
aircraft meets this requirement for direct ascent which 
heretofore has been satisfied only by the helicopter. 


GENERAL DISCUSSION 


The spectrum of speed-altitude limitations of the 
various VTOL aircraft reveals the entirely new area 
opened up by the fixed-wing VTOL types. The heli- 
copter, restricted to about 150 m.p.h., encompasses 
only a small portion of the area. The propeller wing 
offers a considerable increase in the speed capability, 
and the jet takes over at the higher Mach Num- 
bers. 

The pure direct lifting ability, expressed in terms of 
pounds per horsepower, is plotted against maximum 
forward speed capability in Fig. 1 for the three main 
types considered. As shown, the helicopter excels in 
Pulling 
a large and therefore articulated rotor through the air 
sidewise is an extremely inefficient aerodynamic process. 
When the next step is made to an unarticulated pro- 
peller, the disc loading is increased and the power load- 
ing decreased to the point where considerably higher 
forward speeds are obtainable. As the power loading 
is further decreased, the speeds of the propeller wing 
increase to the point where compressibility limitations 
occur. 


lifting ability at the expense of forward speed. 


Work in supersonic propellers may increase the 
high-speed boundary to narrow the gap between 
propeller-driven VTOL and the jet VTOL. With the 
existing and projected jet power plants, there still 
exists a gap between the propeller-driven type and the 
jet. This gap might be filled by the turbofan or by-pass 
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engine, but the pure jet will really extend the speed 
range to the extremely high values. 

VTOL aircraft can be divided into four general 
types. The first is the rotor type. The helicopter, of 
course, is not a fixed-wing type, but it provides the 
starting point for all VTO types. The unloading rotor 
type, exemplified by the McDonnell XV-1, takes ad- 
vantage of a fixed wing to provide lift in forward flight, 
unloading the rotor and thus alleviating the problems 
encountered by a rotor in forward flight. The tilting 
rotor type, in the form of the Bell XV-3, uses wings for 
lift in forward flight and the rotors to provide forward 
thrust. The second are the conventional propeller 
types. The tail sitters are now well known. The 
tilt-wing and deflected slipstream types have undergone 
considerable model testing and analytical investiga- 
tion by the NACA. The -tilt-wing type mounts the 
propellers on the wings, and the entire assembly is 
“tilted”’ to accomplish both hovering and forward flight. 
For vertical take-off, the propeller axis is vertical, and 
the transition into forward flight is accomplished by 
tilting the wing forward. In reality, of course, this 
type is really a “‘tilt fuselage’ rather than a tilt wing. 
The wing-propeller combination is the same as the 
tail sitter insofar as its aerodynamic function is con- 
cerned, with the complication that the fuselage is per- 
mitted to rotate forward. The wing-propeller com- 
bination—the part that flies—does not care whether the 
fuselage is fixed, as in the tail sitter, or tilts, as in the 
“tilt wing.’’ Ryan has concentrated its efforts on the 
deflected slipstream principle, to be described later. 

The third type consists of the ducted propellers. 
The Hiller ‘‘flying platform’ is well known. The 
coleopter is one form of tail sitter in which certain ad- 
vantages of decreased structural weight, etc., are 
claimed. The ducted propeller at the wing tip is 
receiving considerable attention by Bell Aircraft Cor- 
poration. The ducts are vertical for take-off and are 
tilted forward for forward flight. 

The fourth type uses the pure jet. The tilting engine 
test bed flown by Bell is well known. The Rolls- 
Royce “‘flying bedstead”’ has been widely publicized. 


DEFLECTED SLIPSTREAM 
Basic Considerations 


The principle involved with the deflected slipstream 
idea (referred to by a few as the ‘vector slipstream”’ 
principle) involves turning the slipstream of the propeller 
through nearly 90°. The aerodynamic force acting on 
the wing, in combination with the propeller thrust, 
yields a resultant which is vertical and nearly equal to 
the static thrust of the propeller. The problem of de- 
veloping this resultant is thus first one of developing 
the highest possible static thrust. 

Any heavier-than-air aircraft depends for its lift on 
the downward acceleration of air. The generation of 
Static thrust by a rotor or propeller depends on the 
acceleration of a mass of air determined by the pro- 
peller diameter. As shown in Fig. 2, the thrust is a 


function of the mass airflow and the final slipstream 
velocity while the power required to generate that thrust 
is a function of the mass flow and the square of the 
final slipstream velocity. The final expression for 
static thrust for the ideal condition is as shown. Now 
in Fig. 3, the term “figure of merit’ is introduced as a 
factor used in determining the thrust of a practical 
propeller. Defined as the ratio of the ideal power input 
to the actual power input to generate a given static 
thrust, it facilitates computing static thrust when 
propeller diameter, power input, and air density are 
known.‘ A few propeller tests to determine this static 
efficiency value have been made involving the effect of 
blade angle, solidity, and tip Mach Number. Rep- 
resentative data are shown in Fig. 4.5. The figure of 
merit is plotted against power coefficient for various 
solidities. The highest figure of merit occurs at ex- 
tremely low blade angles 8-12°.6 As the solidity in- 
creases, the decrease in figure of merit with increasing 
power coefficient becomes less severe. These values 
were obtained with a conventional aircraft propeller 
having a normal amount of blade twist. There is only 
a small increase in figure of merit over these values for 
helicopter rotors having little or no twist. There is, 
actually, very little data on propeller static thrust, 
and this subject is gaining increasing attention by the 
research agencies.’ 

Ryan has conducted a few tests to determine the 
effect of reducing twist, beneficial for the static thrust 
condition, on the propulsive efficiency in forward flight. 
A standard set of metal propellers for the Navion air- 
plane was untwisted to one half its original value. 
Speed-power level flight tests were run and the data 
plotted in terms of BHP;,, versus V;,, for both the 
original and modified configurations. There was no 
noticeable difference in the propulsive efficiency result- 
ing from untwisting the propeller, as indicated by this 
level flight data. There was evidence that the climb 
performance was actually improved by the untwisting 
process. Thus it appears that propeller twist, which 
has been held sacred for so many years, can be varied 
over wide limits without serious effect. 

An interesting and useful relationship for all the 
heavier-than-air hovering aircraft is shown in Fig. 5. 
Power loading is plotted against disc loading. The 
heavy line shown on the plot is for a figure of merit of 
1.0 and represents the upper boundary for the hovering 
aircraft above which hovering is theoretically im- 
possible. The practical aircraft are shown below this 
line, the helicopters lying at one end of the spectrum*? 
and the propeller-wing and jet aircraft moving to the 
higher disc loading regime. If this curve is replotted 
for a specific gross weight, a curve of power versus rotor 
diameter results, as shown in Fig. 6. The fundamental 
fact is clearly shown that, as the propeller diameter in- 
creases, the power required to hover decreases. 


Work With Deflected Slipstream 


Under an Office of Naval Research contract, the 
Ryan Aeronautical Company has conducted full-scale 
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tests of the deflected slipstream principle to verify the 
model work performed by the NACA. A wing, engine, 
and propeller combination has been mounted on a test 
stand in such a way as to measure all six components 
the lift, drag, pitching moment, yawing moment, rolling 
moment, and side force. The stand was mounted on 
hydraulic cylinders which transmitted pressure to gages. 
The data obtained was plotted in the type of curve 
shown in Fig. 7. The resultant force is obtained from 
the data. The thrust involved in the R/7 values is 
the wing-off static thrust obtained in a special calibra 
tion test with the wing removed. The “‘turning angle,’ 
6, represents the degree of turning the slipstream 
The complement of this angle is the angle through which 
the airplane must be tilted to accomplish a vertical 
take-off. 

What are some of the problems associated with this 
deflected slipstream type of aircraft? 

First, the problem of power-plant failure is important. 
When the aircraft operates as a conventional airplane 
using a take-off run, the problem of engine failure is, of 
course, the same as for conventional aircraft. When 
making a direct ascent take-off, however, there is a 
critical period between the take-off and the time the 
airplane reaches a certain forward speed. After this 
speed is reached, a single engine failure can be tolerated 
in a multiengined aircraft, without having to descend. 
In an attempt to make this “‘critical’’ forward speed as 
low as possible, one method is to interconnect the pro- 
pellers. Experience in operating this type of aircraft 
will indicate whether or not this complication is justified. 
The period of time involved in this critical period is ex- 
tremely short, and the probability of engine failure in 
this period is remote. 

The problem of aircraft control in hovering is a 
major one. Fortunately, there are a number of possi 
bilities for accomplishing this. Control surfaces located 
within the slipstream offer one means. The use of ex- 
haust gases from turboprop power plants which drive 
the propellers offers another means. Separate gas tur- 
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bines located at the extremities of the aircraft offer a 
means of control. The use of rocket motors for control, 
as well as for emergency power, offers a possibility. 
Whatever the means of control used in the hovering 
condition, the control in transition must be such that 
the pilot will not be taxed with the necessity of having 
to reorient his control process. Any mechanical means 
to shift the control automatically from the hovering 
regime to the forward flight regime must be extremely 
simple and positive. 

In the hovering condition, the center of pressure is 
considerably aft, as far as 65 per cent of the flaps up 
M.A.C.* In terms of pitching moment about the quar- 
terchord, this represents a large diving moment. It ap- 
pears that the most expedient way of handling the aft 
C.P. position is to locate the center of gravity of the 
airplane near the center of pressure. When this is done, 
the flaps up c.g. position is well aft, and the tail size, 
arm, and aspect ratio must be increased. Aeronautical 
engineers are so accustomed to dealing with forward 
c.g.’s and have had trouble when having to use aft 
c.g.’s with conventional tails that the first thought of 
very far aft center of gravity positions is adverse. How- 
ever, it is not the aft c.g. position per se which gives 
trouble. It is the fact that insufficient stabilizing -con- 
tributions are incorporated to handle these aft c.g.’s. 
The general expression for tail size required to yield 
satisfactory static longitudinal stability and control are 
well known and yield tail sizes which are not so large as 
one may at first believe. Shown in Fig. 8 are airplane 
tail sizes required to maintain a constant stability mar- 
gin. At the top is shown a conventional aircraft having 
a stability margin of 20 per cent MAC and the c.g. at 


* Mean Aerodynamic Center. 
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25 per cent MAC. 
stability margin is held at 20 per cent MAC, the tail 


As the c.g. is moved aft and the 


size must be increased, as shown. At the 60 per cent 
MAC point, required for the deflected slipstream air- 
craft, the tail size is within reason. The tail becomes a 
lifting tail in normal flight and is therefore contributing 
to the lift instead of simply providing drag. 

The problem of transition in landing is one which 
must be investigated in an actual flying aircraft. 
Analytical studies indicate that a constant altitude 
landing transition can be accomplished without intro- 
ducing complications, and it is felt that this will not 
offer too much trouble. 

How large must a deflected slipstream aircraft be to 
The 
method of analysis makes good use of some fundamental 
relationships which are based on direct ascent take-off 
considerations. 

(1) The gross weight is a function of the static thrust 
of the propeller, the turning efficiency factor R/T, and 
the lift-weight ratio. 


accomplish a certain pay-load - range mission? 


These are 


(2) The static thrust is a function of the propeller 
figure of merit, diameter, and power input. 

(3) The wing span and chord are determined by the 
propeller diameter for immersion of the wing in the slip- 
stream and for an optimum diameter-chord relation- 
ship. 

(4) The weight empty is a function of the conven- 
tional parameters—load factor, wing thickness ratio, 
power-plant specific weight, etc. 

A general solution for this type of parametric analysis 
is shown in Fig. 9. The power, gross weight, and pro- 
peller diameter are plotted against pay load for various 
ranges. Notice that the growth factor, or rate of change 
of airplane gross weight with change in weight of any 
part (in this case pay load), is shown as the slope of the 
gross weight lines. The size of this aircraft depends 
largely upon the “‘hot day”’ condition for which it is de- 
signed. Using gas-turbine power plants, the penalty in 
pay load resulting from the loss in power associated 
with high ambient temperatures would be extremely 
severe were it not for the probable use of water injection. 

In the field of jet VTOL aircraft, the vertical opera- 
tion will result as a natural by-product of higher and 
higher speed requirements. The thrust-weight ratio 
has been increasing down through the years and will 
continue to increase. At some point, this ratio will 
exceed 1.0, and the era of vertical take-off jet aircraft 
will become a reality. When such a time arrives, the 
landing gear may be replaced with added power-plant 
weight, further increasing the VTOL capability. The 
same philosophy can apply to the deflected slipstream 
principle, wherein power-plant development will ease 
At this time, how- 
ever, it is felt that retaining the landing gear in medium 


the problem of vertical operation. 


performance aircraft to permit overload operation from 
runways is a desirable characteristic. 

Design studies, using the data obtained by the 
NACA and verified by our full-scale tests, indicate that 
operational aircraft employing the slipstream deflection 
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principle are feasible. There are problems of stability 
and control yet to be solved, but there are many 
avenues open to their successful solution. We believe 
that, in the field of fixed-wing VTOL aircraft, the 
possibilities for a truly universal aircraft are tremen- 
dous, and the day is rapidly approaching when opera- 
tional aircraft will be a reality. 

As these aircraft are further developed and opera- 
tional experience is gained, the advantages and capa- 
bilities of fixed-wing VTOL aircraft can be fully ex- 
ploited to the benefit of our national defense and 
national economy. 
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management lechniques may combine in support of the Air Force 
of the 1960's. 


Logistics aircraft, electronics data processing equipment, and new 


Air Force Logistics 


Allen R. Ferguson* 
The RAND Corporation 


INTRODUCTION There is no need to spend much time on the technical 
complexities of the coming decade, nor am I partic 
ularly qualified to do so. However, it is worth noting 
that the logistics system will have to support for the 


ewe PAPER discusses some aspects of Air Force 
logistics in which important new developments 
are under way. The most widely publicized of thes« 
is the increasing reliance upon air lift, and this paper 
tries to put that event into context. In addition, it 
focuses upon two other problems whose solution will 
largely determine the logistics posture of the Air Force 
in the next decade. 

The military environment and the functions of the 
logistics system in the early 1960's will be outlined at 
the beginning since the developments which are the 
main theme of the paper will begin to have their major 
impact in that decade. The developments to be dis 
cussed are steps in making the logistics system capable 


first time both manned aircraft and unmanned missiles 
in large numbers. Also it will have to support hun 
dreds of radar sites. 

Turning now to uncertainty and risk. The nature 
of any war which might occur in the 1960’s cannot be 
predicted in detail. Obvious though this fact is, its 
significance is not always understood. It means that 
the logistics system must be prepared to support any 
of many kinds of wars, and it follows that the prep 
arations made for a kind of war which does not in fact 
occur will subsequently appear largely as wasted effort. 
This uncertainty in looking forward and the waste 
which will appear with hindsight are two of the facts of 
life which harass the logistician (or indeed any military 
planner). Other kinds of logistics uncertainty, while 
not peculiar to our time period, will certainly extend 


of performing its functions in that environment 
namely, introduction of improved logistics policies, 
the role of air lift, and how to maintain control over 
Air Force assets. 

into it. First, there are frequent changes in programs 


THE ENVIRONMENT OF THE 1960's 
and plans to meet—for example, changed operational 


Before discussing particular logistics developments, or budget conditions... Second, technological change 
let us consider the environment in which the logistics is so rapid as to be a major source of trouble. When- 
system will have to live and perform in the decade of ever a part or component is bought for future use, 
the 1960's. Of course no particular significance at there is a real risk that it will be made obsolete by some 
taches to the date January 1, 1960, but for discussion improvement even before it is put into use. To some 
it makes a useful benchmark. For the Air Force the extent these kinds of uncertainty can be controlled, 
decade will be one of great technical complexity——and but they cannot and certainly should not be eliminated. 
of military uncertainty and risk. These conditions, There is also what might be called statistical un- 
as they affect logistics, are the subject of this section. certainty. Airplanes do not need parts with the same 

iven leaving aside the atomic and nuclear weapons degree of predictability that they need fuel. A large 
themselves, the technology of the 1960’s will be vastly effort has been devoted at The RAND Corporation to 
more complex and more difficult to support than that analyzing the demand for aircraft parts. Many of the 
of a few years ago. This is obvious with guided rock parts are used so infrequently that their demand is 
ets replacing machine guns on interceptors, which simply unpredictable. Some but not all of the others 
themselves are as large as the “heavy bombers’ of have demand patterns which are amenable to statis- 
World War II; with guided missiles coming into the tical analysis, but even here the demand is not pre- 
arsenal to play a role in tactical and strategic bom cisely predictable. There is a great deal of variation 
bardment; and with radar nets surrounding the conti around the average demand, and there is no way within 
nent, made up of tiny sites in the remotest of locations reasonable budget limitations that the chance of run- 

Presented at the Economics Session, National Summer Meet ning out of parts can be entirely eliminated. 
ing, IAS, Los Angeles, June 18-21, 1956. Thus the logistician is faced with the choice of buying 

* Acting Chief, Logistics Department. a part with a considerable danger that it will never 


40 


be 
th 
be 
SY 
ou 
dis 
sil 
U1 
CO 
tic 
lat 
th 
da 
be 
in 
tic 
to 
cle 
th 
th 
Ca 
ta 
ql 
he 
m 
ta 
in 
pt 
re 
a 
li 
p 
11 
il 
t¢ 
a 
h 
W 
I 
ti 
S 
il 
a 
d 
q 
I 


me 
ed, 
ed. 
un- 
me 
rge 
1 to 
the 
1ers 
pre- 
tion 
thin 
‘un- 


ying 


ver 


= 


be used or of not buying it with a considerable danger 
that it will be needed and some expensive airplane will 
be out of commission on that account. With a limited 
budget this is a hard choice. 

Finally, what are the kinds of wars the logistics 
system may be called upon to support? The broad 
outlines of possible wars in the next decade are widely 
discussed in the public press. They include the pos- 
sibility of a general war involving the homelands of the 
United States and of Russia. Both will be able to 
deliver catastrophic blows and to attack the cities and 
concentrated military targets of the other. In addi- 
tion to the threat of general war, there is the danger 
of peripheral or limited wars not involving the home- 
lands of the major contestants. As the general wars 
threaten to become more and more catastrophic, the 
danger of peripheral wars may increase. There have 
been two already—Korea and Indo-China. Because 
in part of lack of preparation, the West drew a dubious 
tie in both. Certainly then there is a need to be ready 
to fight peripheral wars lest the West be defeated ‘‘in 
detail.” 

What requirements do these kinds of possible wars 
throw upon the combat elements of the Air Force and 
their logistics? 

(1) Forces must be dispersed. Because single bombs 
can destroy everything over large areas, each military 
target must be kept as small as possible. This re- 
quires more bases with fewer aircraft per base and 
hence, in terms of logistics, more supply points, more 
maintenance organizations, more complex transpor- 
tation and communication nets, and greater difficulty 
in predicting and meeting demands. 

(2) A capability to react fast is required. The 
policy of retaliation in a general war requires that we 
retaliate quickly, certainly before the enemy can deliver 
a second blow. If we are to fight effectively in a 
limited war initiated by the enemy, at a time and 
place of his choosing, we must be able to move forces 
into the attacked country with little delay. 

(3) The logistics force must have some degree of 
invulnerability even in a general war. Not only the 
combat elements but the stocks of supplies and main- 
tenance personnel and equipment must be dispersed; 
also it may be necessary to protect certain essential 
logistics units—in hardened installations, for example. 

(4) Most important, since we are living in a period of 
hazard when we do not know when or where or whether 
war will come, we have to assume that every day can be 


D-Day. This has several important logistics implica-- 


tions. First, it means that the wartime logistics 
system has to be in being and ready in peacetime. 
Second, it means that a maximum of the aircraft in the 
inventory should be combat-ready at all times. Those 
aircraft which are not in commission on any particular 
day run the risk of being left out of the vital early part 
of the war or of being destroyed on the ground. Conse- 
quently, the logistics system must be highly responsive 
so that the needs of the combat squadrons are met 
promptly. 
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(5) The Air Force budget may be under considerable 
political pressure during the next few years when the 
logistics system for the 1960’s should be created. 
1, 2, and 3 may be useful in pointing out some of the 
basic budget facts. 
the national defense expenditures and the gross na- 
tional product from 1939 to 1955. 


Figs. 
Figs. 1 and 2 show the federal and 


The gross national 
product more than quadrupled since 1939, but military 
expenditures have risen about thirtyfold. In 1939 
they were about 1!/2 per cent of the gross national 
product, but in 1944 they were 42 per cent, and in 1954 
and 1955 10 to 12 per cent. Fig. 3 shows Air Force 
expenditures as a per cent of the total defense budget 
for the few years for which separate data are readily 
available. The figures are not entirely comparable 
with those of Figs. 1 and 2, but the rise in the Air 
Force’s share of the military budget is apparent. 

The significance of these figures is threefold: 

(1) Military expenditures are consuming a large 
fraction of the national income (it is also true, of course, 
that they are generating a large fraction of that in 
come—but that is another story). 

(2) Because military budgets are so large and efforts 
will continue to reduce federal expenditures, the Air 
Force and other military budgets will probably be 
under pressure in the next few years. 

(3) During several years in the past, the military has 
consumed a higher per cent of our gross national prod 
Thus, if more defense 
expenditures are in fact required to provide adequate 
national security, there is no particular reason to 


uct than it is consuming now. 


suppose that such increases will be unbearable from 
an economic point of view. This is particularly true if 
the gross national product continues to increase at 
anything like its current rate. 

It is important as a side light to distinguish between 
the long-run and short-run effects of large defense 
expenditures. If, over some decades, the military 
should continue to absorb a large fraction of our national 
income, that would of course set some limit to the 
rise of the standard of living. But it is absurd to think 
as apparently some people do, that this nation with its 
advanced industrial economy cannot afford to defend 
itself. Without defense, Adam Smith taught, there 
will be no opulence. 

Then, in summary, the problems that the logistics 
system must meet in the 1960's include these: 

(1) Technical complexity of weapons. 

(2) Uncertainty in regard to military and logistics 
factors, which in turn require responsiveness, ability 
to deploy forces, and reduced vulnerability. 

(3) Pressure to economize. 


THE NEED FOR A REVISED SYSTEM 


The present Air Force logistics system was largely 
inherited from the Army. It was developed for a less 
complex technology and for an environment which was 
expected to give the United States time to mobilize its 
industry behind the protection of the oceans. It is 


JANUARY, 1957 
not surprising that, in spite of many efforts to improve 
it, the system is not adequate for the future. 

A basically new system is needed, evolved from the 
old to be sure but oriented toward mobility, dispersion, 
responsiveness, and economy. 
cussing all the features of such,a new structure, even if 
they were all known. 
volve, it will certainly be built around air lift, electronic 
data processing, and more scientific logistics policies 


Time precludes dis- 


But whatever else it may in- 


and rules. 

To focus the discussion of scientific logistics policies, 
we shall discuss the determination of how to allocate 
budget resources between weapons on the one hand 
Then 


air lift and electronic data processing will be treated. 


and their logistics support on the other hand. 


New Loaistics POLIcIES 


The logistics system of the 1960’s should exploit the 
new technological resources available; but more will be 
needed than modern equipment. The organization, 
the channels of communication and authority, and the 
policies or rules must be designed to do the job. In 
determining logistics policies and rules, account should 
be taken of the costs—the penalty 
perform effectively; the cost of investing in the stocks, 


of failures to 


installations, and personnel, as well as in weapons; 
the risks of obsolescence; and the costs of operating the 
system. Such problems of balancing technical ca- 
pabilities, needs, and costs are economic problems 
amenable to scientific analysis. For purposes of 
illustration, a simple problem will be used, one which is 
important but not always recognized as an integrated 
problem—namely, the purchase of aircraft and its 
logistic support. 

The important question of what kinds of aircraft 
should be bought and all the interesting problems of 
whether it is better to have a large number of one 
weapon or a smaller number of a slightly superior one 
will be set aside. These are largely operational prob- 
lems. 

Once the decision has been made as to what weapon 
to procure and how many units of it to have mission- 
ready, there is still considerable latitude as to how many 
to purchase, provided one looks at the inventory of 
combat aircraft and their logistics support as parts of a 
single problem. A large fraction of the aircraft inven- 
tory is out of commission at all times, undergoing or 
awaiting some logistics action, such as modification, 
repair, or supply. Consequently, the number of air- 
craft in commission can be increased either by buy- 
ing more aircraft or alternatively by buying more 
logistics support to reduce the number of aircraft out 
of commission. 

To illustrate the problem in its simplest form, let us 
take an arithmetic example. Suppose there are 100 
active aircraft of a particular model in the inventory. 
Suppose, too, that on the average 35 of them are out of 
commission awaiting maintenance, 17 are out of com- 


mission awaiting parts, and the remaining 48 are in 
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If it is desired to have 50 aircraft in 
commission on the average, this can be achieved either 
by buying more aircraft or by investing enough in 
additional logistics support to reduce the number of 
aircraft out of commission. Which should be done? 
To decide we have to look at the costs of the various 
alternatives. Assume that an investment of 2 million 
dollars would buy one new aircraft; or, alternatively, 
enough supplies to put two additional aircraft into 
commission from among those awaiting parts; or 
enough maintenance facilities to put three additional 
aircraft in commission from those awaiting main- 
tenance. In this case, it is obvious that the best 
policy would be to invest in maintenance where for 
1'/,; million dollars two additional aircraft in com- 
mission can be obtained. 


comunission. 


For ex- 
ample, during the life of an airplane model, its impor- 
tance to the Air Force varies. When it is a first-line 
weapon, each airplane that is not combat-ready sig- 
nificantly impairs the combat capability of the Air 
Force. Therefore, it is worth while to invest relatively 
heavily in logistics support to bring an additional air- 
plane up to mission-ready status. On the other hand, 
when the airplane is phasing out, there is less justi- 
fication for heavy logistics support. Similarly, if a 
weapon is very expensive, investing heavily in logistics 
support to keep low the number tied up in maintenance 
and modification may be economical because the re- 
quired number of mission-ready aircraft can thus be 
obtained with a smaller investment in the expensive 
end item itself. 


Of course, the illustration is simplified. 


In order to make this kind of decision rationally, the 
problem is to determine how much it will cost to reduce 
the number of aircraft which are out of commission for 
‘ach of the various causes. This is a difficult empirical 
job, requiring a detailed knowledge of the maintenance, 
modification, and supply practices and estimating the 
cost of performing them. 
these areas. 


Research is under way in 


Many other problems are under analysis both at 
RAND and within the Air Force to set up rules or 
procedures which take into account all or most of the 
important variables which should be considered—for 
example, the problem of how to distribute among the 
various bases and depots the more than one million 
kinds of parts in the Air Force inventory or the problem 
of how to determine how many of each of these parts to 
buy. They are, however, too complex to use for 
illustration in a survey paper of this sort. 


THe ROLE oF AIR LIFT IN A REVISED 
LOGISTICS SYSTEM 


Probably more attention has been devoted to air 
transportation than to any other proposed change 
in logistics. Most of the discussion has centered on the 
use of air lift in routine resupply of the operational 
units, especially in the overseas areas. However, 
although it has been discussed relatively little, deploy- 
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ment rather than resupply will probably generate the 
major demand for airlift in the next decade. 

In discussing the military situation in the 1960’s 
four saliant logistic features were identified—namely, 
the need for dispersal and other actions to reduce 
vulnerability, ability to deploy, responsiveness, and 
economy. This section discusses the role of airlift in 
attaining these objectives. 

In recent years there has been great interest in air 
lift for routine peacetime transportation.* To a con- 
siderable extent this interest derives from the fact 
that, in spite of the great technical advances in trans- 
portation, communication, and information processing, 
it still takes a matter of months on the average from the 
time that a requisition is submitted by a base in Europe 
until materiel is delivered. 

Aerial resupply used routinely in peacetime, es- 
pecially if associated with faster communications and 
paper processing, could greatly increase the respon- 
siveness of the logistics system. Needs at the operat- 
ing bases could be identified promptly and supplied in 
a matter of days. Parts shortages could be reduced 
and the number of aircraft immediately mission-ready 
increased. As was already mentioned, it may be that 
only those aircraft which are immediately available 
will have much military value in a general war. 

Thus it appears that routine air movement of parts 
and components would help achieve one of the essential 
conditions of the logistics system of the 1960’s— 
namely, increased responsiveness. However, there is 
also the need for economy, and economical air transpor- 
tation may be justified in peacetime in terms of dollar 
savings alone. Let us consider the economies such 
air lift can provide and the requirements for operating a 
military air transport force at low cost in peacetime. 

First, the increased effectiveness mentioned is, itself, 
a source of economy—and perhaps the most important 
one. As was pointed out earlier, a given number 
of combat-ready aircraft can be achieved with a 
large inventory of aircraft, many of which are out of 
service part of the time, or with a smaller inventory 
having a larger percentage mission-ready. If air lift 
reduces the number of aircraft out of service, this is 
equivalent to reducing the total number of aircraft re- 
quired for any given level of combat readiness. Second, 
the investment in inventories of parts tied up in pipe 
lines can be reduced by reducing the pipe-line time. 
Lastly, considerable reductions in the inventories of 
those high-value parts which are demanded sporadically 
can be achieved by holding these items in centralized 
pools and meeting demands by fast resupply. 

Whether such economies will pay for the air lift 
needed to achieve them depends, of course, upon the 
costs of that air lift. I shall make no attempt to de- 


* Cf. e.g. statement by Major Gen. John P. Doyle, USAF, 
Department of the Air Force Appropriations for 1956, Hearings 
Before Subcommittee of the Committee on Appropriations House 
of Representatives, 84th Congress, Ist Session, p. 1439; and state- 
ments by the Hon. Harold E. Talbott, Modern Air Logistics, Air 
Logistics Conference, December 16, 1954, pp. 6 and 38. 
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scribe all the requirements of low-cost operation but shall 
mention only three which will be shown to be of special 
interest: 

(1) For economic efficiency aircraft must operate 
with reasonably full pay loads. 

(2) They must be utilized rather intensely, perhaps 
approaching commercial utilization rates. 

(3) The chief commodities transported must be those 
of high enough value or criticality to justify the ex- 
pense of moving them by.air. 

These are simple criteria of efficiency in commercial 
air operations, and, if the Air Force were operating an 
air transport service to attain peacetime economy, 
these tests should be applied to the military operations 
too. But the Air Force is not a business, it is a war 
machine. 

This brings us to the question of the role of air lift 
in war. If the Air Force is to have the ability to 
deploy its own forces and those of the Army or Navy 
this will constitute the major demand for air lift. To 
move into or re-enforce a theater requires transporting 
not only high-value materiel but also the troops, all 
their equipment, POL, ammunition, and other bulky 
low-value commodities, and these in great quantities. 
When one considers the composition of a single infantry 
division or of a fighter-bomber or strategic-bomber 
wing with all its necessary ground handling equip 
ment, essential maintenance equipment, and the sup 
plies needed to fuel such a force, to feed and care for its 
personnel, and to provide the most rudimentary shel 
ter, and when one considers further the distances over 
which forces would have to be moved in the event of 
another Korea or Indo-China, some picture of the mag- 
nitude of the task begins to emerge. Three, four, or 
five times the worldwide peacetime requirement is not 
an unrealistic estimate of the capacity needed for 
moving an effective combined force promptly into a 
single theater. 

In addition to being large enough to do the job, an 
air transport force for deployment must be ready to react 
on short notice; otherwise, of course, the speed advan 
tage of air deployment will largely be lost. 
that, as long as we are in an era in which war can come 


This means 


at any time, the air transport capability must be in 
being not only with the right number and kind of ait 
craft but also with crews, maintenance, and supply 
support and with continual transport experience over 
the air routes of the world. In other words, as has 
long been recognized, the military air transport forces 
have as a primary peacetime mission not transporta 
tion but training and preparedness for a great surge of 
wartime demand. 

What is the significance of these facts? They have 
of course, many important implications, but I shall 
comment only on their implications for the peacetime 
military transport operation. 

Specifically the Air Force cannot operate its trans 
ports in peacetime with high utilization, high pay 
load factors and carry only commodities which justify 
air transportation on economic grounds and still have 
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in being and in readiness an air lift capability large 
enough to do the wartime job that may be required of 
it. To have the carrying capability required, the peace- 
time fleet must be ‘‘too big.’’ Thus, if it is to operate 
at high utilization, it must either carry low pay loads or 
fill up with a great deal of filler cargo. If only high 
value cargo is to be moved and if high pay-load factors 
are insisted upon, there will not be enough demand for 
air lift to require a utilization of more than perhaps an 
hour or two a day. 

This is the dilemma with which military air trans 
portation is faced. It is a typical peak-load problem. 
Many industries are faced with it, and, to have ca- 
pacity to meet their peak demands, they have to operate 
their capital equipment inefficiently in the off-peak 
periods. 

It follows that the standards of commercial air-line 
efficiency are not appropriate for evaluating the ‘per 
formance of a military air transport operation. In 
fact, if military air transport were operated efficiently 
by such standards, it would follow that it was not 
properly performing its primary task of maintaining 
adequate “‘peak-load”’ capacity. 


Locistics DATA CONTROL 


A third major development of great importance in 
meeting the operational needs of the 1960's is the re- 
vision of logistics data processing. The need for such 
a revision springs from the problems of controlling (in 
the broadest sense) the 1!/4 million items in the inven- 
tory and processing thousands of transactions a day 
covering the hundreds of bases and other Air Force in- 
stallations. There are few if any other problems of 
comparable size in Government or in industry in terms 
of number of items, number of installations to be served, 
and number of end items to be supported. Many kinds 
of decisions have to be made in controlling these in- 
ventories: 

(1) Which items to buy, how many, when? 

(2) Which items to p4sition at each location, how 
many of each, when to resupply each item to each loca- 
tion? 

(3) When is it worth while to repair particular un- 
serviceable items, what bits and pieces should be sup 
plied to the repair facilities for use in repair? 

These are the salient recurring decisions. They will 
be more difficult to make with small dispersed combat 
units, and the inventory records will be more difficult to 
maintain for mobile organizations. 

The difficulties of the present system and the need for 
improvement have long been understood, and many 
steps have been taken to improve it. In the existing 
system, with the present technology, it is necessary to 
decentralize to depots and bases not only many of the 
logistics operations but also logistics management and 
records. Further, it has been necessary to delegate 
many important decisions to clerks of limited skill, and 
there is literally no way of providing higher level man 
agement with up-to-date, consistent, system-wide in- 
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formation. While records and decisions are decentral- 
ized, masses of supplies in depots have been concen- 
trated to keep them physically close to their records and 
to the personnel administering them. Because of the 
crudeness of some of the data and because of the limited 
computing capability available, it has been necessary to 
use very simple rules for logistics computations. One 
of the most widely discussed weaknesses of the present 
system is its unresponsiveness; a large fraction of the 
time consumed in resupply and in other logistics activi- 
ties is accounted for by paper processing. 

It is always, of course, easier to point out difficulties 
in the present methods than to devise remedies. How- 
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ever, in recent years there has been a major techno- 
logical breakthrough. The scientific computers (which 
themselves were developed largely for military appli- 
cations) have been followed by a generation of first 
cousins, the business data processing machines.* They 
have made available to logistics new technical capabili- 
ties of which four are important here—namely, great 
speed of computation, great capacity for storing infor- 
mation, rapid access to stored information, and high 
accuracy. 

How do these technical capabilities translate into in- 
creased logistics effectiveness? 

Because of the great storage capacity of the elec- 
tronic equipment, it will be possible to maintain at a 
few concentrated points all the logistics information 
needed for the complete control of Air Force assets. 
With rapid access to this information timely reports for 
management at all levels can be produced from a single 
set of data. Similarly with fast and accurate comput- 
ing capability, it will be possible to make all the logistics 
computations on an up-to-date basis and to do so using 
better formulas and rules. For example, to take ac- 
count properly of all the important factors in require- 
ments computations or repair scheduling exceeds the 
capabilities of a manual system. Finally, with high- 
speed communication links to the consuming bases and 
storage points, the computers can greatly reduce the 
time spent in resupplying the operational squadrons. 

To obtain the full benefits of the new technology re- 
quires substantial system changes. Let us look briefly 
at the major features of a new system under develop- 
ment by the Air Materiel Command with technical 
assistance from The RAND Corporation. Fig. 4 shows 
the salient features of the system in their simplest form. 
The core of the system is Data Processing Centers. 
These are linked by appropriate communication nets to 
the bases, storage depots, the 
organizations, and contractors. 


various command 
Each center will have 
cognizance of a large segment of the Air Force inven- 
tory--for example, all air-frame parts or engine parts. 
Each center will maintain current records on the stock 
balances at all points in the system, amounts on order 


“Many of the early applications of scientific computers to 
Air Force problems were directed by Gen. E. W. Rawlings, then 
Comptroller of the Air Force. As Commanding General of the 
Air Materiel Command, General Rawlings is now directing the 
logistic applications of business data processing equipment. 


from manufacturers or from repair, rates of usage by 
various weapons and locations, and the pertinent pro- 
gram information. Using these records and the rules 
supplied by the management and command echelons, 
the center will compute when and how much of these 
parts to purchase, when to ship parts to particular bases, 
etc. 

The center will provide a means of resupplying the 
operational bases automatically. To fix ideas it may 
be well to follow through how this single operation will 
be performed. Upon issuance of a part, say, a carbu- 
retor, for use on an airplane, a punch card would be pre- 
pared at the using base and sent to the center. The 
same punch card or one duplicated automatically would 
be fed into the computer at the center, checked for er- 
rors, and processed. The recorded inventory of that 
part at that base would be reduced by one (the number 
issued), the new balance would be compared with the 
resupply level, and, if the base now had ‘“‘too few” of 
these carburetors, the machine would check the stocks 
available at the appropriate storage depots or at 
bases with relative surpluses. Then in accordance with 
the rules prescribed the machine would prepare and 
transmit a shipping order directing a shipment of those 
carburetors to that base from an appropriate source. 
Of course, this brief description leaves out a great deal, 
but it is interesting to note certain important points. 
Once the original card is punched at the using base, 
everything is automatic up to the time when the ship- 
ping order is printed out at the source of supply. With 
electrical communications it should be possible to com- 
plete this process routinely within a single day. 

Only the bare outlines of a revised data processing 
system have been presented; the details and exceptions 
have been ignored. The development of such a system 
will take years, and we cannot foresee all the difficulties 
to be encountered in creating and operating it; but there 
will be a lot of them, and the electronic computers will 
not solve all logistics information and data problems. 

In spite of the risks and difficulties, such a system 
promises great payoffs in economy in the use and pur- 
chase of materiel, in reductions in clerical requirements, 
and in increased combat effectiveness. 
discussed briefly. 
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At a single point all the pertinent logistics information 
on each kind of property will be maintained accurately 
and up to date. It will be available to all management 
and command organizations as regular reports and in 
response to specific requests. This, alone, should facili- 
tate and improve logistics control. Realigning manage 
ment more effectively, such as by weapon system, will 
be greatly facilitated, and, in fact, important changes in 
this direction may be impossible without such a data 
system. 

More specifically, it will be possible to distribute parts 
more effectively not only because the computers can 
handle more elaborate formulas taking account of more 
of the important factors but also because, with system- 
wide information, they can order stocks moved promptly 
from surplus to shortage areas. 
to meet demands as they occur, avoiding costly priority 
requisitions and reducing the number of aircraft out of 
commission for parts. 


Thus it will be possible 


For high-cost items whose de- 
mand is low and unpredictable it may be possible to 
make no effort to buy enough items to meet demands at 
all points but rather to hold very few of them in the 
system, or even at the manufacturer’s plant, and to 
This latter 
policy promises considerable reductions in procurement 


provide them quickly as each need arises. 


costs. It should also be possible to develop better main 
tenance schedules, transportation policies, etc., all tend 
ing to increase the number of aircraft in commission or 
reduce the cost of logistics support. 

Turning now to economies in clerical personnel 
Clerical loads at bases and depots can be substantially 
reduced since most logistics information and administra 
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tion will be concentrated at the Data Processing Center. 

The system described will contribute to the combat 
effectiveness of the Air Force in many ways. The im- 
plied increase in mission-ready aircraft has already been 
cited. Relieving the operating organizations of many of 
their logistics records and of many logistics administra- 
tive tasks will allow more compact and, hence, more 
mobile and more easily dispersed units. 

Further, since the new system will permit keeping 
accurate information remote from the stocks, dispersion 
of stocks to many small storage sites will be feasible. 
There is under way now a test in which the records on 
particular reserve stocks are being maintained more 
than 300 miles from the materiel itself. The records 
have been found to be much more accurate than those 
formerly kept on the site by punch card and manual 
techniques, and they have permitted keeping the stocks 
themselves in much better condition. 


CONCLUSION 


The conditions in the 1960's were outlined as best 
they could be foreseen with regard to their impact upon 
the logistics organization. Some aspects of a reformed 
logistics system which would meet at least in part the 
It has 
been necessary to delete all the details and to allude to 
difficulties only briefly, but the job of developing the 
new system, even though it will be more economical in 
the end than the present one, will require costly invest- 
ment and will involve all the risks of being on the fron- 
tier of innovation. 


demands of that decade have been described. 
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New Organizational Alignments in 


ONSISTENT with getting the most from the weapon 
C systems idea, the Bureau of Aeronautics has al- 
ready taken the major step of installing new organiza- 
tional alignments and has overhauled its long-range 
planning methods and objectives. We also have put a 
great deal of study on the overall implications in 
Bureau business transactions and in the ways and means 
for best all-round development and procurement of 
Naval air weapon systems. 

We have exercised a degree of caution in swinging our 
entire operation and organization to the weapon system 
scheme. For one thing, suck an approach implies a 
slackening of design control over equipment. This is 
good—but up to a certain point only. 
gree of specialization for use in Naval missions and en- 


There is a de- 


vironment which requires some discipline in certain 
More importantly, there is a tre- 
mendous logistic problem in supporting modern com- 
batant forces which would get entirely out of hand if 
each manufacturer adopted his own detailed equipment 
with no regard to its standardization with similar 
equipment in other weapons systems that would be 
operating concurrently. 

Most of the machinery required to set the Bureau on 
a Weapon system plan was already in existence and op- 
erating. 


design features. 


I refer to those functions and organizational 
entities already conducting Bureau developmental and 
procurement work. 

The first step, then, was the realignment of people 
and functions to best advantage. It meant pulling to- 
gether those talents and operations which had most to 
do with specific interrelated items in an air weapon sys- 
tem. The formation of an Avionics Division from 
electronics, armament, and instrumentation areas is 
one example; another instance is the grouping of basic 
research and analysis activities under a Research and 
Analysis Officer. 

Another objective of reorganization was to provide a 


} Excerpts from the October 18, 1956, address given before the 
Los Angeles Section under the title “Plane Sense and Weapon 
Systems.”’ 


* Chief, Bureau of Aeronautics. 


the Bureau of Aeronautics! 


Rear Adm. James S. Russell,* USN 


This 


systems manager or proprietor of the mission. 
was accomplished by installing a Weapon Systems 
Officer who has the know-how and the authority to 
weld a working system from its component parts and 
who has the responsibility for considering the whole 
from the beginning. 

I think that the greatest single deterrent to success- 
ful operation of a systems design approach is the in- 
ertia encountered in the attitude of holding on to the 
old design ways. The old design way was for each 
equipment item designer to “R & D”’ his particular 
item aloof and alone and then to expect, in some vague 
fashion, that all the equipment items would find their 
way into an airplane. 

The desirability and the necessity for strengthening 
those positions responsible for the management of air 
weapon systems projects was thus evident from the 
start. An effective project manager not only must 
have the authority to make time-saving decisions but 
also, in our case, must be something of an educator 
who shows the way. 

The immediate problem posed by installation of 
strong management authority is one of staffing. It 
simply takes numbers of qualified people to do the job. 
Aside from providing adequate numbers of billets for 
better overall project management, those officers and 
civilians thus assigned should be hand-picked for the 
task. The project manager, as we would like to have 
him, is a combination engineer, administrator, diplomat, 
politician, and fine judge of airplanes—a large order of 
Where the 
project manager is a military man, we are considering 
longer terms of duty for the post. The present tour of 
duty for officers in the Bureau averages about 21/, 
vears. We feel this should be extended to 4 years, 
with a minimum overlap of 3 months in the case of wea- 
pon systems project officers. The Bureau would then 
get the benefit of greater payoff periods after the in- 
cumbents have learned their jobs. Finally, from the 
staffing point of view, specific top-priority projects 
should be assigned only to senior military officers, or to 
established senior civilian engineers, to ensure the 


talent to expect in one virtuoso, to be sure. 
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most astute and rigorous prosecution of blue-chip or 
crash programs. 

Many potential trouble areas should almost auto 
matically disappear once a strong project management 
To mention a few—the 
gaps and misphasings in the scheduling of component 
development, the slippage due to overlapping authori- 
ties, and the too rigid detail in the great mass of design 
specifications. 

Yet there are several facets to the administration of a 


format is put into action. 


weapon systems approach to development and procure 
ment which we must consider with the soundest of 
foresight and care. 

The whole field of contractor relations must be viewed 
in a careful light. We will have to re-evaluate and 
redefine our methods of source selection and reassess 
our procedures for the awarding of contracts. At this 
point, it is too early to tell whether substantial changes 
in existing Bureau practices will occur or whether there 
will be refinement of present procedures. 

In either case, it appears that the prime air-frame 
contractor will come in for a greater share of partici 
pation. This begins with giving the contractor more 
information about the military requirement and its ac 
companying operational analysis. It implies a greater 
sharing of the Bureau studies and intelligence, and, in 
proportion, it places a greater charge of responsibility 
upon the manufacturer. It is also meant to encourage 
the contractor to embark upon basic research of his 
own to augment normal Government and laboratory 
efforts to find the best solutions to problems in the many 
technological fields connected with an air weapon sys 
tem. Such a stepped-up interchange of military and 
technological information will require, from the Bureau, 
an orderly and conscious effort conducted in the best of 
good faith. From the contractor, it will require the 
establishment of a single focal point for the exchange 
and evaluation of this sort of data. 

High on the list of expected dividends from a systems 
plan of operation is the saving of time. 
expect to trim time from the weapon systems cycle in 
the Bureau is by making true delegations of authority 
at the operating levels. Again, it must begin with the 
project manager or officer. But it must not end at this 
beginning. Our criterion is that delegations of ap 
proval authority will be with the 
responsibilities assigned. It not only means flat dele 
gation to take warranted action, it also means the re 
delegation of such authority to necessary check points 
throughout the organization. We aim to eliminate 
the bottlenecks where time clicks by while the papers 
pile higher and higher on the desk. By proper and 
reasonable delegation and redelegation of approval 
authority, we aim to combat the old criticism of tech 
nical bureaus everywhere: ‘“Too many people, too 
many questions, too much red tape.”’ 


One way we 


commensurate 


The dominant results of a systems operation should 
be to provide higher performance and longer service 
life expectancy in the Navy’s air weapons. As men- 
tioned earlier, we strive for maximum weapons ca- 
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pability within the system's given operational environ 
ment. To achieve this, it is necessary to sharpen long 
range development planning and to allow for the speedy 
induction and assimilation of new technological ideas 
and scientific breakthroughs. 

In tailoring the Bureau’s research and development 
trends to the weapon systems concept, we have devised 
a long-range plan which hinges upon advance tech 
nological estimates. These estimates of future ca 
pabilities appear in each of the technologies involved in 
Naval aeronautical and related sciences. In other 
words, our long-range planning will home on the most 
accurate estimate which we can make of all the perti 
nent technologies over a 10-year span. These advance 
“state-of-the-art” readings then guide us in answering 
the question, ““Where can we go?,’”’ which must be 
known before we broach the main question, ‘‘Where do 
we choose to go?” 

Such an approach is directed toward squeezing the 
last drop of practical applied design from the total 
This, we feel, is the 
soundest method of ensuring the best possible equip- 
ment for United States Naval aviation. By keeping 
the performance curves of our systems on or near the 


state of Naval aeronautical art. 


state-of-the-art curve, we shall avoid gaps and holes 
caused too frequently, in the past, by sporadic concen- 
tration of effort on trying to outdo the other fellow in a 
particular feature of a weapon system to the detriment 
of the whole. 

Hiroshima and Nagasaki have cast their shadows. 
The advent of nuclear power and weapons has made the 
job of defending the nation vastly more complicated 
and exacting. In the Navy, in addition to a require- 
ment to maintain our potential for a war of the conven- 
tional brush-fire or peripheral type, we must have an 
instant and effective capability for a 4-o0’clock-tomor- 
row-morning nuclear war. In many ways, these 
double requirements are in direct conflict and compound 
the problems of both conventional and nuclear war. 
The conventional war calls for vast numbers of easily 
produced and simply operated aircraft and weapons. 
And, although numbers and simplicity are goals for 
weapon systems in any war, the demands for economy, 
reliability, speed, and individual capability for hitting a 
target on a one-shot basis have placed a demand for 
inspired thinking by industry and the military alike 
which has not been equaled in history. 

As of now, the immediate horizon shows changes in 
contractor relations, perhaps to the devising of a weapon 
systems type of contract; it shows strengthened proj- 
ect managerships, assigning to the project officer and 
his staff authorities the translation of military require- 
ments and technologies into flying systems; it shows 
greater Bureau emphasis on up-to-the-minute practical 
adaptation of the pace and capabilities of the aero- 
nautical sciences and their Naval applications. 


The payoff—the future 


to the best of our planning 
calculations, should show operational Naval air weapon 
systems which are in phase with the age and the en- 
vironment in which they will live and work. 
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Importance of qualification 
lesling simulating environmental 
flight conditions in view of the 
higher temperatures, pressures, 
and velocities encountered in 

the pneumatic systems of modern 
jel aircraft. 


Design and Qualification Testing of 
High-Pressure, High-Velocity Aircraft Duct Systems 


D. Wendell Fentress* 


Flexonics Corporation 


INTRODUCTION 


oe of the jet engine in aircraft has fur- 
nished designers with a ready source of high-tempera- 
ture, high-pressure air to energize accessory systems. 
Yet despite this bonanza in a force which could be used 
profitably, increasing utilization of it has presented 
problems in handling superheated, fast-moving, and 
high-pressure air streams encountered in the pneumatic 
systems of today’s jet aircraft. Rigorous design prob- 
lems are created, and the result has been new research 
in the design and qualification testing of aircraft duct- 
ing systems. 

New design concepts, new components, complete en- 
vironmental testing facilities, and comprehensive test 
programs are of paramount importance in qualifying 
duct systems for service in modern, high-performance 
aircraft. Lead time for aircraft design and production 
is shortened; qualification testing simulating actual 
flight conditions not only helps assure operationally 
safe aircraft but is conducive to basic design improve- 
ments in light gage ducting members. 

The magnitude of the problem of harnessing this 
power source may be realized when it is pointed out 
that temperatures of 1,000°F., pressures of 300 psi, and 
velocities approaching Mach | are encountered in duct 
systems. Compressor bleed air usually is in the turbu- 
lent stage when propelled through various configura- 
tions of the duct system— inducing vibration character- 
istics over a broad range. These conditions, combined 
with service motions due to thermal expansion or struc- 
ture deflection, present basic design and qualification 
problems. 


Duct CONFIGURATIONS 


A typical ducting assembly conveying compressor 
bleed air is composed of straight tubular runs, flexible 
bellows members, elbows, multiple plane bends, includ- 
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ing special configurations such as Y’s, T’s, manifolds, 
and transition pieces, all made from stainless steel or 
other special alloys (Figs. 1-3). For the most part, com- 
ponents are joined by clamped flanges using metal- 
to-metal seals. Bracketry is provided for attachment 
to the air frame. As in all aircraft components, weight 
is a critical factor. Light gage stainless-steel sections 
with an 0.018-in. wall are subjected in aircraft to condi- 
tions where ordinary industrial usage requires steel 
pipe with a wall 15 to 20 times heavier. The ducting 
assembly must be as light as possible and must fall 
within specified envelope limitations while performing 
its intended function with prescribed safety factors. 
The aircraft ducts frequently are allotted the space un- 
used by other components, resulting in runs of complex 
configuration. Yet they are subjected to most severe 
operating conditions. 

While, previously, the straight duct runs, elbows, and 
transition pieces, as well as round-to-elliptical sections, 
had to be made as separate parts and later joined, new 
techniques permit single-piece construction of these 
parts. Fig. 4 illustrates old and new methods of con- 
struction. This reduces weight, number of joints, and 
cost and increases safety factors. In many cases the 
bellows and adjacent straight run of pipe is made from a 
single tube. Typical of what can be accomplished is a 
unit of 4-in. diameter, 0.020-in. straight wall tube (di- 
ameter-to-wall ratio of 200:1), with a 90° elbow of R/D 
ratio of 1:1, combined with a transition bend from 
round-to-elliptical section, all in one piece. It is not un- 
common to make wrinkle-free elbows of R/D ratios as 
low as 0.75:1 in compound bends from such tubing to 
qualify to conditions of the drawings (Fig. 5). 


ACCOMMODATING MOTION 


Flexible members are used in duct systems to handle 
motions introduced by thermal expansion and contrac- 
tion, structural deflections of the air frame, and instal- 


lation misalignments. ‘The flexible members must be 
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resistant to corrosion and oxidation under all tempera- 
ture conditions encountered while handling the same 
pressures and velocities as the rigid portions of the duct 

ing. A combination of axial, lateral, and radial motion 
can be handled by the corrugated or bellows members 
in the system. 
nal axis of the flexible member and is equated in terms 
of axial extension and compression from the free length 
of the corrugated member. Lateral or offset motion is 
that in which the ends or flanges of the corrugated mem- 
bers remain parallel and is measured by displacement of 
the two centerlines. 
ured in degrees of angularity between flange faces. 
Bellows-type joints furnish a positive, metal-to-metal 
seal of adjacent parts while accommodating the motions 
described. Figs. 2 and 3 illustrate bellows-type joints. 
Designers have found metallic bellows to be the light 

est device for handling these forces and less bulky than 


Axial motion is linear to the longitudi- 


Radial or angular motion is meas 


other joints considered for this service. Moreover, the 
designer finds himself sacrificing the ability to handle 
motions in two or more planes in addition to weight 
and space when such devices are contemplated. 

In high-pressure service the bellows will elongate un 
less restrained by suitable means. A wire mesh braid 
over the exterior of the corrugations is one method of 
restraining the end thrust while still utilizing the inher- 
ent flexibility of the bellows. Other means, represent 
ing new developments, are ‘‘clevis’’-type joints, for 
single plane motion (Fig. 6) and “‘gimbal’’-type joints 
for multiple plane motion (Fig. 7). Both types per- 
mit deflection at low bending-moment values, yet 
completely restrain end loads which often exceed 2,000 
Ibs., caused by the internal pressure reacting on the 
Self restraining of 
bellows elements by these methods is a significant ad- 
rance in duct design. First, considerable weight is 
saved, as self restraining eliminates the need for heavy 
bracketry otherwise required to contain these forces. 
Second, compression forces are taken out of the duct 
members adjacent to the flex elements, thus eliminat- 
ing fluid column problems, as will be elaborated on later 
The ‘‘clevis” and “gimbal” joints are 


cross-sectional area of the duct. 


in this paper. 
arranged either in straight duct runs or the elbow por 
tion of a duct system or in combination to accommodate 
radial motion, offset motion, or axial displacement in 
pneumatic piping systems with reasonably low pressure 
drop values. 


METALS USED 


Design pressures up to 300 psi and temperatures 
ranging from 800 to 1,000°F. require the use of stainless 
steel and other heat-resistant alloys. Stainless steel in 
types 321, 316, 347, 304, and 19-9 DL offer the required 
high-yield strength at elevated temperatures with the 
maximum weight savings. New metals, such as A-286, 
Inconel X, AISI 201, and titanium alloys containing 
aluminum and tin are being investigated. Thin-wall 
stainless-steel tubing in diameters from 1.00 to 6.00 in. 
and in wall thicknesses from 0.010 to 0.025 in., depend- 
ing on pressure, is employed for the straight runs. The 
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bellows elements are made in the same wall and diame 
The basic tubing is inert are butt welded by 
a precision process assuring uniform strength and thick- 


ter range. 


ness in the weld zone. For some applications, a special 
work-hardening step is employed which elevates the 
annealed temper yield strength of stainless steel from 
33,000 psi to 75,000 psi, giving maximum pressure ca- 
pacity with minimum wall thickness and weight. 
Advancing temperature requirements have resulted in 
the use of insulated and sealed assemblies of unique de- 
sign. Following the wrapping-on of fiberglass insula- 
tion, a stainless-steel or Inconel sheath is fitted snugly 
over the assembly and sealed at all points to prevent 
wicking of volatile fluids (Fig. 8). 
ment, insulated cover can be made of very thin (0.003 


As a new develop- 


in.) material which has been formed in tubular sections, 
ribbed for strength and bendability (Fig. 9). For T’s, 
Y's, and manifold sections, half-shell pieces are made to 
fit over and encase the exact contours of the duct, these 
also being joined to themselves and adjacent sheathing 
by arc or resistance welding to form a continuous pro- 
tective sheath over an insulated duct of any configura- 
tion. 

While many of the parts comprising a duct assembly 
are not commercially available and must be custom de- 
signed, fabricated, and qualified, the designer has been 
provided data on a full range of straight wall tubing and 
flexible bellows members currently available to meet 
given service, space, and weight requirements. 


EVOLUTION OF TESTING—-PROBLEMS ENCOUNTERED 


In the design of early duct systems for a multien- 
gined jet bomber, the original qualification testing pro- 
gram established fatigue, vibration, and pressure tests 
as the basis of acceptance. Fatigue specified radial, 
axial, or offset motion simulating conditions encount- 
ered in the airplane. Tests at elevated pressures and 
temperature further attempted to duplicate flight con- 
ditions. 

In one duct run, excessive deflection was noted dur- 
ing the stability test, and initially the flex sections were 
thought to be squirming. or buckling under pressure, 
causing the duct to distort plastically. Additional 
testing under carefully controlled conditions revealed 
that a fluid-column-type distortion was occurring in the 
duct itself, thereby imposing radial motion on the flex 
sections well beyond their design limit, causing plastic 
deformation. 

Once the straight wall ducting was suspected of 
causing the failure, a tensile test machine was modified 
to permit duplication of the test condition using similar 
lengths of tubing (Fig. 10). With this equipment it was 
firmly established that a fluid-column failure would oc- 
cur when the duct hoop stress exceeded the yield 
strength of the stainless-steel material when the end 
thrust due to the internal pressure was balanced by the 
loading of the test machine. Results indicated that a 
fluid-columin failure may occur under conditions of 
zero compressive stress when the hoop stress is allowed 
to exceed the yield strength of the tubing. This applies 
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to a duct with a low slenderness ratio (short, stubby 
duct) below a value of 150 for / over k, where / is the 
length and k the radius of gyration. For elastic buck- 
ling (long slender duct), the hoop stress may be less 
than the yield strength. 

With the cause of failure determined, a high-strength 
duct was proposed with a yield strength of approxi- 
mately 75,000 psi. This increase in strength was ob- 
tained by cold working the fully annealed tubing to ob- 
High-strength tubing elim- 
inated the stability problem previously encountered. 
The other portions of the duct system made use of the 
new high-yield tubes to effect considerable weight re- 
duction. Ina typical case, a 4!/2-in. outside diameter, 
(.025-in. wall tube was replaced by an 0.018-in. wall 
structure of the work-hardened tubing, resulting in a 
weight saving of 0.4 Ibs./ft. or 30 per cent. 


tain the desired properties. 


Later, at the prime contractor’s facility, testing of a 
one-half airplane system layout under mass-flow condi- 
tions was carried out. resonance at ex- 
tremely high frequencies was found to exist in certain of 
the flex sections. The sound level developed to ap- 
proximately 130 db. produced by the high-velocity air- 
flow impinging on the convolutions and created a high- 
frequency vibration in these members. 


Excessive 


The investigation indicated that, for this particular 
duct system, a vibration of this character may be en- 
countered at flow rates in excess of 200 ft./sec. Internal 
sleeves or liners were designed into the flex assembly to 
eliminate the resonance problem without any increase 
in pressure drop across the flex section (Fig. 11). Fur- 
ther exploration with multiple-ply flex sections (two or 
more tubes telescoped into each other and then corru- 
gated) indicated that this type of construction has a 
dampening effect on vibration and, therefore, was used 
in place of single-ply, lined assemblies at several loca- 
tions. Multiple-ply bellows sections have the added 
advantage of offering relatively soft spring rates and 
thus low force to deflect, as compared with single-ply 
structures of the same total wall thickness and pressure 
capacity. 

This qualification testing program conducted jointly 
by the subcontractor and the prime contractor for this 
airplane established basic design improvements in the 
aircraft duct system. It uncovered at an early state 
certain weaknesses in the pneumatic system and 
brought about additional developments that resulted in 
a piping installation of improved integrity. It had sev- 
eral weaknesses, however, one being the divided re- 
sponsibility for qualification testing and lost time in 
translating test results at the prime contractor's loca- 
tion into corrective action at the subcontractor’s plant. 
Another was that the test was not truly environmental 
in scope. 


ENVIRONMENTAL QUALIFICATION TESTING 
INTEGRATED FACILITIES 


The high performance level of today’s aircraft neces- 
sitates testing which is not only thorough but is environ- 


Fics. 1-8. Left, top to bottom. Fics. 9-15. 
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mental in character. Today's trend is to prove out com- 
pletely the duct system prior to installation in the air 
plane. With this procedure, the design of the rigid and 
flexible components (see Fig. 12) of the systems, the 
support brackets (on both the ducts and air frame), the 
couplings, the insulation, etc., may be studied under 
virtually all conditions of simulated flight. Such test 

ing must constantly be broadened in scope to be truly 
environmental in character. 

There is under way a research program which involves 
basic exploration of pneumatic systems, as well as quali 
fication testing of actual duct installations on current 
planes. Extended duration flow tests are specified to 
evaluate the system or assemblies under conditions of 
high flow and elevated temperature and pressure and to 
detect any weakness in the system. The effect of open 
ing and closing of valves is studied by pressure-cycle 
tests. Angular, offset, and axial motions are applied to 
simulate duct movements that occur from air-frame de 
flection and heat expansion. In addition, resonance in 
the system is studied under varying rates of airflow, 
temperature, pressure, and combinations of these. 
Conversely, the tendency for resonance in the system is 
checked out under conditions of externally applied 
vibration as would occur from air-frame vibration. 


With such broad-scope testing, the entire air han 
dling layout including duct supports and brackets is 
fully evaluated. A variety of specialized equipment is 
employed in the research and qualification testing lab 
oratory. The largest single item is the flow facility as 
depicted in Fig. 13. After a thorough study of equip- 
ment available for this type of operation, types of sys 
tems which could be used, and operating costs, it was 
decided to install a turboblower in a closed-loop sys 
tem. A 2,700-cu.ft./min. blower capable of operating 
at 250 psi and 850°F. is utilized. In conjunction with 
this blower, a 75-hp. compressor was installed to sup- 
ply compressed air for the system and to pressurize the 
shaft seal. On high-temperature tests, the system is 
pressurized with nitrogen to eliminate any explosion 
hazard due to possible existence of accumulated oil in 
the test piping. The system is heated by a 24-ft.-long 
heat exchanger firing by a 400,000-B.t.u. gas burner 
With the entire circuit insulated, it is a comparatively 
simple matter to bring the system up to temperature 
and maintain the required temperature. Temperature 
instrumentation consists of automatic burner controls 
and a_ six-station, 7-day recording potentiometer 
With this equipment, thermocouples may be installed 
at various points in the duct system to obtain a con 
tinuous permanent record through duration of the test 
Pressure and flow may also be recorded continuously. 

In conjunction, a 600-Ib. shaker is used in the flow 
laboratory to induce mechanical vibration and to con 
duct resonance scans. Instrumentation for the vibra 
tor consists of a control console, signal monitor, fr 


quency sweep cycler, a servocontrol velocity pickup, 


and an oscilloscope. With this equipment, the resonant 
frequency may be determined together with the am- 
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plitude and the g acceleration due to resonance build-up 
in the system. 

Additional equipment utilized are a shock (drop 
tester, an X-ray machine, a metallograph, salt spray 
cabinet, cold cabinet, and related laboratory equipment. 


AN ACTUAL TEST 


A recent qualification test program conducted on a 
complete duct system illustrates the character and 
thoroughness of this testing. The full evaluation of the 
system under simulated flight conditions pointed to 
required design improvements at several points which 
were corrected prior to installation in the airplane. This 
specification required airflow at maximum velocities, 
the cyclic application of pressurized hot air to the sys- 
tem, mechanical actuation reproducing air-frame de- 
flections and thermal expansion, mechanical vibration, 
shock tests, pressure tests for stability, and leak-tight- 
ness checks. 

To reproduce the installation of the duct system in 
the airplane, a test bed was designed permitting the use 
of the actual aircraft brackets for mounting and sup- 
porting the duct system. This test bed was equipped 
with hydraulic cylinders placed at specific locations to 
produce the combined motions resulting from air-frame 
deflection, thermal expansion, and pressure-induced 
deflection of the system. Fig. 14 shows a test bed 
installed in the airflow facility. 

Component parts as designated were shock-tested 
prior to installation on the test bed. They were sub- 
jected to three shocks as specified in paragraph 4.15 of 
MIL-E-5272A with the exception that the assemblies 
were subjected to three shocks of 15g magnitude for 
11 + 1 millisec. duration. At the conclusion of this 
test, the assemblies were pressure-tested at 300 psi to 
check for leak tightness and any evidence of damage as 
a result of this test. 

With the complete system installed on the test bed, 
dial indicators were placed at support points to record 
the bracket deflections under internal pressure, and the 
system was pressurized and heated and allowed to sta- 
bilize at 650°F. and 250 psi. With the system at tem- 
perature and pressure, all bracket deflections and 
growth of system due to thermal expansion were re- 
corded, and overall stability was observed. Flanged 
connections were each torqued to 130 in.Ibs. and 
checked for leakage. 

To conduct the required pressure-cycle test, the hy- 
draulic cylinders were adjusted to reproduce the actual 
thermal expansion previously recorded. The cylinders 
were actuated by solenoid valves controlled by variable 
speed timers to produce the specified cyclic rate of 20 
per min. With the 400,000-B.t.u. heat exchanger in op 
eration, hot air was permitted to flow through the sys- 
tem until the desired duct wall temperature of 650°F. 
was reached. At this point, all valves were actuated to 
provide the pressure cycling of 0 to 250 psi and synchro- 
nized with the thermal expansion. At the conclusion 
of 10,000 cycles of thermal expansion and pressure cy- 


cl 


ps 
or 


pe 
In 
sp 


wl 


| de 
m 
by 
| 
cl 
T 
SO 
Wi 
b 
th 
hy 
al 
su 
as 
at 
at 
pl 
fa 
tu 
st 
re 
sk 
re 
sti 
fa 
ni 
dt 
ol 
pr 
re 
uy 
te 
fo 
fre 
ex 
SC 
n 
sa 
fe 
th 


to 


cy- 


HIGH-PRESSURE, 


cling, the entire system was proof pressure-tested to 300 
psi for 10 min. to check for any sign of leakage or deteri- 
oration of the system. 

During this test, two brackets were noted as having a 
deflection of 0.030 in., this value being in excess of the 
maximum specified. These conditions were recorded 
by dial indicators and high-speed movies. Reporting 
on this phase of the test included a recommended design 
change to provide suitable rigidity in the bracket. 
Tests of this nature are frequently monitored by per- 
sonnel from the prime contractor’s project office. 

Effect of air-frame - induced vibration on the system 
was then evaluated by the application of mechanical vi- 
bration to the piping through the duct supports. For 
this test, the 600-Ib. thrust shaker was mounted on a 
hydraulic lift (Fig. 14) to permit the shaker thrust to be 
applied along the axis of each bracket support. Each 
support point was subjected to a resonance scan and test 
as specified in MIL-E-5272A. 

Moderately severe resonant frequencies were noted 
at 98 and 112 eps with an applied acceleration of + 20g 
per Procedure II of paragraph 4.7 of MIL-E-5272A. 
In accordance with the endurance requirements of this 
specification, the ducting was subjected to a 4-hour test 
wherein the vibration was applied for 2-hour intervals 
at each of the resonant frequencies with a constant ap- 
plied acceleration level of +20g without evidence of 
failure. 

Vibration was then applied normal to ducting longi- 
tudinal centerline from a position directly below the up- 
stream pressure valve connection. A relatively severe 
resonant frequency was noted at 108 cps while scanning 
slowly from 100-150 eps at an acceleration level of 
+20g. Endurance vibration testing at the 108-cps 
resonant frequency was continued for 4 hours at a con- 
stant acceleration level of +20g without evidence of 
failure. 

The third mutually perpendicular plane was _ reso- 
nance-scanned with the vibration applied normal to the 
ducting longitudinal centerline. A severe build-up of 
50g was noted in the duct system at one point. The 
prime contractor accepted certain recommendations for 
redesign of the brackets in the area of the severe build- 
up, and after installation of the modifications in the sys- 
tem the test was repeated with satisfactory results. 

A resonance condition is considered entirely normal 
for any system of ducting since all components have 
frequencies wherein a major resonance condition will 
exist; however, the major significance of this resonance 
scan is to show that major build-up of excitation does 
not occur at more than one attachment point at the 
same frequency. Since the resonance frequencies dif- 
fer, there will never be one or more frequencies at which 
the entire system as a unit is resonant; therefore, under 
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a condition wherein all attachments are vibrated si- 
multaneously, as in the airflow, the negative reaction of 
ducting in one area will dampen the condition of reso- 
nance in the sympathetic areas (Fig. 15). 

With the conclusion of this phase of testing, an ap- 
plied proof pressure of 300 psi again established the 
leak tightness of the ducts, proving the integrity of the 
system. 

Flow-induced vibration was then evaluated over the 
entire system by using a lightweight pickup and the 
signal monitor. For this test, the flow was gradually 
increased to 0.28 Mach and any resonance recorded at 
designated points. Airflow was measured by pitot 
tubes at inlet and outlet to the ducting system with to- 
tal velocity head readings recorded on separate man- 
ometers at each pitot tube. Pressure was indicated at 
inlet and outlet by bourdon-type test gages. Tempera- 
ture of inlet and outlet air and duct wall temperature 
were recorded continuously by a recording potentiome- 
ter. To establish the integrity of the duct system under 
sustained conditions of flow, a 250-hour test was con- 
ducted under maximum condition of mass flow of 7.85 
Ibs. /sec. 

At the conclusion of the test program, the entire sys- 
tem was carefully examined for any signs of wear or de- 
terioration. Components subjected to maximum deflec- 
tions were submitted to radiographic inspection. A 
single component which was determined to have had 
the maximum wear was sectioned and examined on the 
metallograph for amount of wear and any sign of fail- 
ure. Excessive wear was noted at one point, and a de- 
sign change on this subassembly was incorporated into 
the final design. All welding on the component 
examined was rechecked for satisfactory compliance 
with MIL-W-6858 and MIL-W-6811. 


CONCLUSION 


The duct systems in modern aircraft are complex and 
are continuously being engineered to meet new and 
more demanding requirements. While straight run 
ducting and flex sections in varying diameters, pressure 
ratings, and flexibility are available to the air-frame de- 
signer as catalog items, many parts found in a composite 
duct system must be especially designed. No two sys- 
tems are alike in configuration or service requirements. 

Qualification testing, environmental in character and 
broad in scope, must be employed to prove out the in- 
tegrity of a duct system design as a whole. By coupling 
an aggressive developmental program with realistic 
testing, the ducting subcontractor can make the great- 
est advances in the art and can provide the maximum 
service to the aircraft manufacturer and the industry as 
a whole. 
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Structures for High Speed 


N. J. Hoff* 
Polytechnic Institute of Brooklyn 


Report on a conference held in Cranfield, England 


AY INTERNATIONAL CONFERENCE on the “Structural 
Problems of High-Speed Flight’? was held at the 


College of Aeronautics in Cranfield, England, August 
20-23. It was attended by more than a hundred en 


gineers and scientists representing every airplane 
manufacturing company in Great Britain, as well as by 
various organizations in the United States, England, 
France, Holland, and Sweden. The participants spent 
the 4 days on the grounds of this unique college set up 
by the British government in 1946 to provide post 
graduate training and to carry on research in aero 
nautics. They listened to seven lectures presented by 
internationally known structures experts from England, 
Sweden, and the United States. Each presentation 
lasted from half an hour to an hour and was followed 
by a discussion often lasting for more than an hour. 

The conference began with a banquet at which the 
guests were welcomed by the Principal of the College 
Prof. A. J. Murphy, a noted metallurgist, and by the 
organizer of the conference, Prof. W. 5S. Hemp, Head of 
the Department of Aircraft Design. In the name of 
the guests they were answered by Prof. N. J. Hoff of the 
Polytechnic Institute of Brooklyn. The following 
morning, B. O. Heath of the English Electric Company 
and W.G. Heath of A. V. 
survey of the new problems the practicing airplane 
structures man has to solve when he designs and analyzes 
the structure of a supersonic airplane. The title of 
“Practical Structural Design Problems 
of Supersonic Aircraft.”’ 


Roe presented a very complete 


their paper was 


The next paper was “Design of a Thin Wing” by H. L. 
Cox of the National Physical Laboratory of Teddington, 
England. A pioneer in airplane structural analysis 
Mr. Cox raised and answered some fundamental ques 
tions regarding structures of minimum weight for very 
thin wings. The discussion of this paper was followed, 
after the break for dinner, by a presentation entitled 
“Influence of Aerodynamic Heating on Aeroelastic 


* Head, Department of Aeronautical Engineering and Applied 
Mechanics. 


Phenomena” given by Prof. R. L. Bisplinghoff of the 


Massachusetts Institute of Technology. This was nota 
repetition of last year’s Wright Brothers Memorial 
Lecture but a new study comprising much recently 
obtained material on aeroelastic phenomena. 

The program of August 22 contained a long paper 
dealing mostly with the use of electronic computing 
machines in the determination of nonuniform tempera- 
tures in the structures of supersonic airplanes. The 
Methods for Calculating Tran- 
sient Temperature oe in Aircraft Structures,” 
and the author was Dr. H. Schuh of the well-known 
airplane company SAAB in a aie Sweden. Next, 
Dr. E. W. Parkes of Cambridge University, England, 
spoke on “Incremental Collapse Due to Thermal 
Cycles,”’ the problem of fracture caused by repeated 
plastic deformations. The last 
“Buckling at High Temperatures,” by Prof. N. J. Hoff 
of the Brooklyn, 
buckling in consequence of thermal stresses and creep. 


title of the paper was “ 


paper of ng day, 


Polytechnic Institute of pie ussed 


The conference closed on August 23 in a suitable man- 
ner with a paper on “Research Equipment for Investiga- 
tion of Aircraft Structures at Elevated Temperatures” 
by James Taylor whose duties at the Royal Aircraft 


Shown in ont “of the Stafford ie Building at the Conference 
are H. Schuh and A. Sundstrand of Sweden's SAAB aircraft com- 
pany; Theodore Theodorsen, FIAS, of Republic Aviation Corpo- 
S. Eggwertz of FFA, the Aeronautical Research Institute 
of Sweden. 
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Shown in front of the Aerodynamics Laboratories at Cranfield are 
N. F. Harpur, Bristol Aeroplane Co.; A. van der Neut of the Poly- 
technic Institute of Delft, The Netherlands; H. Giddings, Bristol; 

E Cox of the National Physical Laboratory, Teddington, 
England; and H. F. Winney of Fairey Aviation Co. 


Establishment in Farnborough include the develop- 
ment of such equipment. 

The organizer of the conference was most successful 
in obtaining a comparatively small number of interest- 
ing papers for which he could provide sufficient time for 
presentation and discussion. Only a single paper was 
given in each session, and, since advance copies of all 
the contributions were available, each lecture could be, 
The secluded location 
of the college was conducive to good attendance at the 


and was, thoroughly discussed. 


lectures and to many unofficial discussions outside the 
organized sessions. 
The College of Aeronautics has five main depart- 


ments dealing with Aerodynamics, Aircraft Design 
(with which is included the field of structures), Aircraft 
Electrical Engineering, Aircraft Economics and Produc- 
tion, and Aircraft Propulsion. The supporting depart- 
ments include one of Flight which owns airplanes for 
flight instruction for the private pilot’s license; for the 
teaching of flight testing of performance, stability, and 
control; and for carrying out all kinds of flight research. 
The airfield of the college has two runways of 6,000 ft. 
each, as well as a shorter one. 

The equipment of the main departments is also lavish 
by university standards. For instance, the Aero- 
dynamic Department owns eight low-speed wind 
tunnels, among which is one with a working section of 
8 ft. X 6 ft. having a maximum speed of 250 ft. per sec., 
and four supersonic tunnels. The Department of Air- 
craft Design has equipment for drop-testing landing 
gears, for fatigue tests, and for high-temperature testing. 
In the test houses of the Department of Aircraft 
Propulsion modern turbojet and rocket engines are 
tested. 

The college operates under a grant from the Treasury 
of Great Britain and is directed by an independent 
Board of Directors consisting of representatives of the 
Society of British Aircraft Constructors, the Royal 
Aeronautical Society, the major engineering societies 
and the universities of Great Britain, the Ministry of 
Supply, the Ministry of Education, the Air Ministry, 
the Admiralty, and the governments of the Common- 
wealth. The present chairman of the board is Sir 
Frederick Handley Page. 


delegates and their wives. 


Travel Arrangements 


Institute of the Aeronautical Sciences and The Royal Aeronautical Society Conference, 
London-Folkestone, September 1-16, 1957 


Arrangements have been made with ‘The Travel Center of Manhasset’ to accomplish all travel and hotel reservations for the 
This travel bureau handles all arrangements on a ‘‘personal’’ basis. 
commitments from air lines, steamship companies, and hotels to assure the availability of accommodations. 
ments include group arrangements on TWA and Pan American flights which will allow delegates to travel overseas together. 

Special arrangements also have been made by the travel bureau with American Express, Thomas Cook & Son, and Ask Mr. Foster 
for preconvention and postconvention tours of Europe by the delegates—individually or in groups. 

A travel brochure for the conference is being prepared and will be circulated to all members early this year. 
full travel information can be obtained and reservations made by addressing inquiries to: 


IAS Conference Travel 
2 East 64th Street 
New York 21, N.Y. 


The bureau has now obtained 
The air-line commit- 


In the meantime, 
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QO” CIVILIAN PARACHUTING SPORTSMEN may have 
provided a solution to a problem which has con 
fronted parachute designers for the past 2 years. 

A five-man United States parachuting team recently 
participated in the Third World Championship Para 
chute Jumping Contest at Tushino Aerodrome, Moscow, 
U.S.S.R. The United States team, representing the 
National Parachute Jumpers and Riggers Association 
(NPJR), demonstrated unusual skill in ‘Sky Diving,”’ 
the technique of maintaining absolute control of the 
body during free-fall.— In an effort to gain additional 
points which were available for style of fall, each of the 
U.S. jumpers executed two figure eights during a 
30-sec. free-fall. The figure eights consisted of move- 
ment on a horizontal plane in a 360° circle to the right 
and a 360° circle to the left. The longitudinal travel 
needed to complete the figure eight was effected during 
the last 90° of the right-hand circle and the first 90 
of the left-hand circle. 

The ease with which these maneuvers were accom- 
plished and with which the jumpers maintained stable 
free-fall (free of pitch and yaw) is of considerable in- 
terest to parachute designers and test jumpers of the 
U.S. Air Force. 

During evaluation of experimental flight gear for 
tomorrow's airman, Air Force parachutists have en- 
countered flat spins which have reached dangerous 
proportions. A flat spin may be defined as “rapid 
rotation of the body about a vertical axis and in a hori- 
zontal plane.”’ One Air Force jumper sustained tem 
porary damage to blood vessels of the eyes as a result 

* Assistant Chief, Parachute Branch, Equipment Laboratory 

ft Headpiece shows Monsieur Prik, instructor of the French 
Parachuting Team from Biscarosse (Landes), France, in a typical 
Sky Diving position. 


Sky Diving 


56 


An Answer to the 
Problem of 


Free-Fall Spinning? 


Major R. L. Oakley,* USAF 
Wright Air Development Center 


of spins which apparently reached a velocity in excess 
of 70 r.p.m. 

From tests conducted with dummies, it has been con- 
cluded that the rate of rotation may be proportional 


to the true velocity of fall. If this conclusion is correct, 


Floyd Hobby, U.S. Team Member from Elyria, Ohio, in Sky 
Diving position during second event of the World Championship 
Parachuting Contest at Tushino Aerodrome, Moscow, U.S.S.R. 


firs 
/ 


Sky 
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rates of spin up to 180 r.p.m may be expected. 

Various stabilizing means for the airman have been 
investigated; however, a final solution to the problem 
of flat spins has not been reached. It is possible that 
the answer may be found in the Sky Diving body con- 
trol demonstrated at Tushino. 

In order to determine whether or not stabilized fall 
could be obtained without special instruction, the 
author, during two recent free-fall jumps, copied as 
nearly as possible the body position illustrated. Im- 
inediately upon assuming the Sky Diving position, 
steady face-down free-fall was obtained. During the 
first jump a slight wobble or side-to-side rocking was 
noted. More prominent arching of the chest while ex- 
tending the arms and spreading the legs eliminated 
this movement during the second jump, and descent 
was made for approximately 2,000 ft. without pitch, 
or rotation. Although 


yaw, far from being con- 


clusive, the two jumps performed indicate that, with 
little instruction, an uninjured airman can obtain a 
relatively stable body position during free-fall. 

This new free-fall technique may eliminate the need 
for the bulky, complicated, and expensive two-stage 
parachute which has been under consideration. 

Investigation of body control during free-fall will be 
continued by the Air Force to determine the full poten- 
tial of this technique for use by our military aviators. 
Particular points to be investigated are problems which 
may exist in body stabilization at altitudes above 
15,000 ft.; the effect of exit technique and aircraft 
velocity at time of exit upon the speed and reliability 
with which the airman may obtain a stabilized posi- 
tion for free-fall; and whether or not there is an ideal 
body position, which, if assumed by the airman, would 
provide sufficient stability during free-fall to prevent 
flat body spins. 


Non- 
Member member 
No. Price Price 
658 RCAF Test and Development—Owen B. ; 
Philp $0.35 $0.7 
657 The Technology of Guided Missiles and 
Its Effect on Industry—R. D. Richmond 
and J. F. Perrier 0.50 9.85 
656 A Method of Evaluating Jet-Propulsion- 
System Components in Terms of Missile 
Performance—Roger W. Luidens and 
Richard J. Weber 0.35 0.75 
655 The Airport and Airways Surveillance 
Radar for Canadian Air Traffic Control 
B. |. McCaffrey 0.50 ).8 


IAS Preprints 


(See also page 143) 


Preprints of CAI-IAS International Meeting Papers Currently Available 


Non- 
Member member 
No. Price Price 
654 A Survey of the Advantages of Transistors 
in Airborne Electronic Equipment 
E. F. Johnson. $0.35 $0.75 
653 Operational Use of TACAN—Murray 
Block. 0.35 0.75 
652 Applications of Ultrasonics in Aircraft 


Charles P. Albertson and Philip Melara 0.35 


651 Quality Control Policy in the Royal Cana- 


dian Air Force —Robert McMillan 0.35 0.75 
650 The Canadian Test Flying Scene—D. H. 
Rogers 0.35 0.75 


Order by number from: 
Preprint Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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SECOND OF A SERIES 


How to get 
reliability 


Got the automation jitters?...worried about turning 
complex manufacturing operations over to an “electronic 


brain”?... worried about what can happen when 


one component in the control system fails?... 


Reliability takes on a new and different meaning ll 


as American industry becomes more and more 
ry 
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automated. Here are a few thoughts on the importance a 


All of us are going to have to pay more atten- 
tion to “reliability.” 


ell have to pay more attention to individual “devices” 
within a system, 


We'll have to guard ourselves carefully when we design 
the entire system. 


The industrial pendulum is swinging more and more 
toward automatic controls, servo-mechanisms, computers. 
and automatic “watchers.” As it does, the reliability factor 
becomes more and more important. Let’s see why. For 
example, you probably have three radios at home. If one 
fails because a soldered joint comes apart, your home life 
is probably not disrupted to any alarming degree. But . . . 
consider the automatically controlled steel mill. One 
soldered joint failing, unless all controls are installed in 
duplicate (which is expensive) could tie up the entire pro- 
duction process for valuable minutes, if the maintenance 
crew has second sight. For hours, if automatic trouble- 
indicating and locating systems are not installed (and these 
are expensive, too). Last, but not least, lend a thought to 
the dependence of guided missiles and man-made satellites 
upon the reliability of electronic circuits and components. 
So... let’s start to examine “reliability.” Let’s begin by 
looking at this definition which is currently popular in 


the technical field: 


The reliability of a particular component or sys- 
tem of components is the probability that it will 
do what it is supposed to do under operating condi- 
tions for a specified operating time. 


Now ...this is a relatively well-accepted definition, and 
it offers the key to the problem of coping with failure con- 
trol. Take the word “probability” in this definition. Let’s 
discuss its implication. 


of reliability and how it can be controlled. 


Many of today’s systems, simple o1 complex, are a chain 
of components. So picture a system as a chain with its 
successive links. In the field of statistics the over-all reli- 
ability of the chain is the mathematical product of the 
reliabilities of the individual links.. 


Overall Reliability, x rz x 13...T, 


Now, let’s consider a system made up of 100 different 
components, each of which has a reliability of 99%. In 
applying the formula, multiplication of .99 by itself 100 
times gives an over-all reliability for the system of only 
36.5%. Two out of three systems you have put together 
will probably fail! 


Cannon becomes involved with this problem because 
our main business is making electric connectors. So, let's 
look at the following chart that covers contact reliabilities 
and reliability of the assembly in which they are mounted. 


Assembly reliability dependent upon number of contacts 
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This chart illustrates the reliability of four connectors 
having 15, 25, 37 and 50 contacts respectively. As an 
example, assume that the contacts have a contact popula- 
tion of 1% defective (1 in 100 defective ...this percentage 
is considered a fairly high standard in most fields). On 
the 15-contact assembly, we find from our chart that 14% 
of the connector assemblies would have one or more defec- 
tive contacts! With 25 contacts, 22% would wes one or 
more defective contacts. With 50 contacts, 41% is 
your hair starting to curl? Obviously, a 99% vautai reli- 
ability standard ‘for guided missile components is abso- 
lutely unacceptable. And, in between the simplest system 
and that of a guided missile, are hundreds of assemblies 
and systems whose reliability factors must be analyzed with 
utmost care. 


But all is not lost! There’s another side to the picture. 
With proper care, analysis, and control, our Cannon organ- 
ization has actually achieved, in special “missile quality” 
contacts, a known level of only 2.85 x 10-3% defective 
only 1 part in 35,000! Naturally, we don’t achieve that with 
all our contacts ... but we do try to design and manufacture 
the utmost in reliability required for specific applications. 


We have pictured this chart to show the direction we 
must all take, whether we're talking about connectors, other 
components. or systems. It boils down to two steps... 


* The number (n) of components must be kept low 
. simplicity. 
* The level of component reliability must constantly 
be improved ... hard work for all of us. 


Now...if we refer to our reliability definition on the 
previous page we note the phrase “do what it is supposed 
to do.” So be sure you define these objectives for your 
component assembly, or system... failure to do so carefully 
can cause undue failure or the expenditure of unnecessary 
dollars for needless, excessively-reliable parts or design. 


Further on in the same definition, we note the words 
“operating conditions.” This brings up many new points 
for consideration. Here we are concerned with such things 
as temperature, pressure, humidity. corrosive atmosphere, 
stray electric and magnetic fields, low and high frequency 
noise, shock and vibration. Do your design standards need 
upgrading? Are your components designed and then tested 
to meet the operating conditions you specify.. 
they designed to meet “average” conditions? 
using adequate “safety factors”? 


.or are 
Are you 


In a simple component. manufacturers have always 


looked for, recognized, and corrected faults when they 
occurred. We use component quality control to achieve 
and maintain Cannon’s world famous product quality. But 
in complex systems such component quality control is not 
enough. Actually 


Reliability control over the system is needed. It should be 
all-encompassing. When you get right down to it, reliability 
is the product of procedures. equipment. and people...in 
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the design, manufacture, testing, control of quality, trans- 
portation, and use of products or systems. 


Do you have a reliability control system ? 


Here are a few of the steps that are needed to get a 
reliability control system operating : 
1. Determine Your Requirements. Specify the environ- 
ment, operating time, performance limits, and the percent 
of reliability required. Allow an adequate safety factor 
keeping in mind the end use of the finished product. 
2. Collect Reliability Data. Set up facilities for the con- 
tinuous accumulation of data on component or system 
failures and their causes. 


3. Establish quality control and test procedures which 
show high degree of correlation with end-use conditions. 
4. Analyze. Determine if reliability requirements are being 
met. Establish the most important causes of failure by 
analyzing the data you collect. 
5. Improve. Take action to eliminate the most important 
defects or causes of failure. Reduce the failure rate to the 
required level. 
6. Maintain Continuous Vigilance. You have empha- 
sized system design... you have used statistical analysis of 
failures...now exert continuous and critical control to be 
sure your “improvements” actually improve reliability. 
Examine new and unforeseen failure sources. Review and 
modify your requirements with changing conditions. 

We at Cannon Electric are proud of our historical empha- 
sis on quality and reliability. Since 1915 we have adhered 
to a design philosophy embracing the highest quality and 
reliability in each and every Cannon Plug for the specific 
application for which it is to be used. /f we can’t design to 
that principle, we don’t make it! In manufacture, we are 
proud of our know-how in depth, proud of our fine quality 
control systems, proud of our personnel and proud of our 
reliability control group. 

Whenever you have an electric connector reliability 
problem...in design, engineering, production, or prototype 
phases...we would appreciate the opportunity of discuss- 
ing it with you. 


Cordially, 


Kad) President 


Cannon E.ectric COMPANY 
3208 Humboldt St., Los Angeles 31, California 


Eight plants around the seven seas! 
Please Refer to Dept. 105 
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Corporate Member News 
(Continued from page 23 


e Eaton Manufacturing Company an 
nounces the appointment of James Mac- 
Cracken Adair as Sales Manager of the 
Dynamic Division. 

e@ Fairchild Engine and Airplane Cor- 
poration has appointed Gerald Dennehy 
Chief Applications Engineer of the Stratos 
Division, according to an announcement 
by Charles W. Faas, Jr. (TM), Stratos 
Customer Relations Manager. 


Federal Telecommunication Labora- 
tories, Division of International Tele- 
phone and Telegraph Corporation ... New 
air navigation equipment that gives 
distance and direction information to 
pilots of commercial or private planes has 
been developed. The new system can be 
combined with existing equipment. The 
complete system is called Vortac and 
operates by sending high-frequency radio 
signals to a ground beacon station which 
automatically sends back to the plane 
both direction and distance information. 
Many planes can use a single beacon at 
the same time. Vortac will let pilots 
know at all times where they are and the 
direction in which they are flying —two 
factors becoming more important to air 
safety as a result of increasing speed of 
new aircraft. The equipment will also 
permit operators of control towers to 
exercise better control of air traffic. 


e Flight Refueling, Inc., has acquired 
Automation Industries, Inc., of Cockeys- 
ville, Md., a firm that designs, builds, and 
constructs specialized automation systems 
for industry. The subsidiary will con 
tinue its present operation, but its engi 
neers will also apply their experience to 
development of advanced aerial refueling 
systems, missile fuel systems, and atom 
plant fuel systems. 


The Garrett Corporation... AiResearch 
Division, Phoenix, Ariz., will equip three 
leading commercial turbine-powered air- 
craft with a newly developed engine 
starting system. Aviation’s first inboard 
starting system incorporating a line com 
bustor or heater will appear on the Lock 
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Firing squad readies test sled model TF-102A combat trainer before experi- 
ment to compare new rocket-propelled ejection seat with cartridge-type seat. 
Test by Convair engineers showed rocket seat propulsion sent the dummy on a 
higher trajectory than cartridge explosion. 


heed Electra, Boeing 707, and Douglas 
DC-8. AiReasearch in Los Angeles has 
developed a new pressurization and air 
conditioning package for the Cessna 620 
The four-engined 
will be the first of its type with an auxiliary 
system, permitting high-altitude flight, 


business executive plane 


in the original structure. ...Airsupply 
Division ha moved its Commercial 
Operations to 331 N. Maple Drive, 


Beverly Hills, Calif 

e General Dynamics Corporation... A 
new rocket-propelled ejection seat is being 
tested by Convair Division for the Air 
Foree as part of an industry-wide pro 
gram to develop a standard upward pilot 
for all supersonic jet 
fighter aircraft Phe seat is designed to 
permit pilots to 
ground-level en 


escape system 


scape safely even in a 
rgency. In first tests 


from a TH-102A all-weather combat 
trainer, the rocket-propelled seat had a 
much higher trajectory (124 ft. over the 
ground) than the explosive cartridge-type 
seat (55 ft Portions of the develop 


ment work have already been subcon 


Bulging ‘‘chin’’ on the Sikorsky helicopter is a plastic radome housing an antenna for ex- 


tremely high-powered search radar. 


Light Military Electronic Equipment Department. 


The “‘chin" was built by General Electric Company's 


tracted to participating companies. The 
delta-winged B-58 Hustler supersonic 
bomber had its first test flight at Convair’s 
Fort Worth plant... .Stromberg-Carl 
son Division has developed a new elec 
tronic device which can record in 30 sec 
data equal to the number of words in a 
300-page book. Called a Computer 
Readout, Model 100, the device is designed 
to record information turned out by the 
massive ‘electronic brains’ of miajot 
computer laboratories. Heart of the 
system is a Charactron shaped-beam tube 
which acts as a sort of electronic type 
writer, recording in permanent, readable 
form the output of computers at speeds ten 
times greater than any other method 
attempted. The Operations Research 
Office of The Johns Hopkins University 
will get one of the first models Health 
physicists at Convair, Fort Worth, have 
devised an electronic doorway that pro 
vides a speed check for radioactivity as 
employees walk through. Convair will 
test the Air Force’s Atlas intercontinental 
ballistic missile (ICBM) at four new 
separate facilities in southern California 
and Florida. Two test facilities are neat 
San Diego, Calif., a third is at Edwards 
Rocket Base on the Mojave Desert, and a 
fourth is part of the Air Force Missile 
Test Center at Patrick AFB, Florida 

A grant of $1 million has been made by 
General Dynamics to the University of 
California to assist in expansion of the 
Jolla campus General 
Atomic Division will construct a research 
reactor with exceptional safety and utility 
features at John Jay Hopkins Laboratory 
for Pure and Applied Science, 


school’s La 


San Diego 
@ General Electric Company... Chemi 
cal & Metallurgical Division Engineers 
have come up with a table to short-cut 
the task of applying Thermistors for 
temperature compensation of copper com 
ponents. The table indicates directly 
the maximum deviation from average of 
any selected temperature range and per- 
mits quick selection of components of the 
Thermistor temperature compensation 
networks. ... Electronics Division Com 
munication Equipment Section has pub 
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B.EGoodrich 
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New fuel cell baffles 11,900 lb. surge pressure 


When the spectacular Douglas F4D 
Skyray takes off from a Navy carrier, it 
blasts out and up at a record-setting pace. 

Imagine the surge pressure set up 
in a longitudinal fuel cell by such a 
catapult take-off—or during an arrested 
carrier landing. It would be sudden and 
devastating—as much as 11,900 pounds 
of surge pressure that would burst a 
conventional fuel cell. 

Obviously, this problem had to be 
solved before making test flights. Devel- 
opment engineers of the B. F. Goodrich 
Aviation Products division, called in by 
Douglas, worked out a solution. 


They designed a cell containing a 
series of special baffles, dividing the 
interior into compartments. The baffles 
were reinforced with steel cables to 
soak up surge pressures and transmit 
them to the airframe. The resulting 
B. F. Goodrich fuel cell combined 


maximum strength with minimum 
weight. It is proving itself successful 
in every flight of a Skyray. 

For the best solutions to your fuel 
cell problems, call upon experienced 
engineers of B. F. Goodrich Aviation 
Products. 


B.EGoodrich Aviation Products 


a division of The B. F. Goodrich Company, Akron, Ohio 


Tires, wheels, brakes e De-Icers e Inflatable seals e Fuel cells e Avtrim *« Heated Rubber 
Pressure Sealing Zippers ¢ Rivnuts ¢ Plastilock adhesives « Hose and rubber accessories 
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W. R. Gordon (M), far right, is shown with other assistant project engineers on 
the staff designing the new Lockheed Electra propjet air liner and Lon Storey, 
extreme left, head of the project staff. Others pictured are Howard McGlasson, 
special assignments; R. L. Vernon, equipment, controls, and air conditioning; and 


R. W. Partridge, electrical, radio, and flight station. Mr. G 
marily with power plant, hydraulics, and landing gear. 


ordon is concerned pri- 
A small-scale functional 


mock-up of the Electra main landing gear occupies the group's attention. 


lished a bulletin (ECR-380-A) on the 
new Progress Line 450-mc. two-way 
radio. In it are details on printed cir- 
cuitry, interchangeable components, cabi- 
nets, and mountings. This division's 
Computer Department, including  ad- 
ministrative, engineering, and research 
facilities, will move to Phoenix, Ariz., 
early next year... . Apparatus Sales Divi- 
sion’s Specialty Control Department has 
developed an electronic tracer control 
system to direct motions on a 90-ton 
universal spar milling machine. The 
system operates from one to twelve simul- 
taneous motions of the machine, more 
than any other machine now in existence, 
processing—in a wide variety of cuts— 
spar, wing chords, and wing skins. The 
Instrument Department has developed an 
inexpensive quantitative leak checking 
Called the Halogen Leak Stand- 
ard, it is used for precise calibration of 
halogen-type leak detectors. The Stand- 
ard is plugged in to a 110-120 volt, 50-60 
cycle power supply. After power is 
turned on, it is adjusted to the desired 
leak rate value and a detector probe is 
inserted firmly into the gun fitting of the 
device... . Aircraft Gas Turbine Division 
has exercised options for an 108-acre 
plot adjacent to the company’s jet- 
engine plant near Cincinnati. 


e The B. F. Goodrich Company... 
Lightweight seals of rubber-reinforced 
nylon fabric which inflate without stretch- 
ing are now standard equipment on pilot 
canopies of more than two dozen makes of 
American jet fighters and bombers. Made 
by the Aviation Products Division, the 
seals ensure constant cockpit pressure at 
high altitude. 


device. 


@ Goodyear Tire and Rubber Company 
has developed a new antiskid system for 
use on the Douglas SC-54D Rescuemaster. 
The new system automatically senses a 
skid and determines the instant for re- 


Pressure is 
off until the wheel is 


lease of brake 
automatically held 


again rolling 


pressure. 


e Grumman Aircraft Engineering Corpora- 
tion has successfully developed and test 
flewn a faster version of the Navy’s 
supersonic F11F-1 Tiger jet fighter. The 
new Tiger is equipped with a General 
Electric J-79 engine and afterburner 

e Harvey Aluminum Division of Harvey 
Machine Co.... / An 8,000-ton extrusion 
press—the first big press to be operated 
in the West under the Air Force Heavy 
Press Program-—is in full production at 
the firm’s Torrance, Calif., plant. Capa 
ble of 8,100 tons pressure, the hydraulic 
press produces large high-strength alu- 
minum-alloy shapes for military, defense, 
and commercial needs. The press was 
built by Loewy-Hydropress Division, 
Baldwin-Lima-Hamilton Corporation 


@ Jack & Heintz, Inc., reports develop- 
ment of the rated generator 
designed for commercial aircraft. With a 
tated output of 450 amp. continuous, the 
new generatot! 

power with the 


ighest 


] & H 023-5) boasts more 

same number or fewer 
generators and simple, quick installation 
There are also no weight or space penalties 
and no crowding of accessory pads 


@ Kollsman Instrument Corporation... 
J. V. Connelly has been appointed Ad- 
ministrator of Training for the firm. 
Technical courses in theory, operation, 
maintenance, and overhaul of the firm’s 
automatic navigation systems have been 
added to the curriculum of the Kollsman 


Instrument School 


@ Lear, Incorporated, has delivered an 11- 
place Learstar Mark I to 
Cyanamid Co., V. B. Benfer, General 
Manager of the Aircraft Engineering 
Division, announced in Santa Monica, 
Calif. The twentieth Learstar to go into 
service, it was delivered in New Jersey 


American 


and put into immediate service on an 
1,100-mile nonstop business trip 

Lockheed Aircraft Corporation... Mis- 
sile Systems Division has occupied another 
new plant and announced start of con- 
struction of its seventh research labora- 
tory building in the San Francisco Bay 
area. Some 110 employees moved into 
the first giant building to be completed 
at Sunnyvale. The new laboratory has 
been planned to occupy 51,000. sqft 
of space and will bring total facilities of 
the division to almost 1 million sq.ft. . 
High-speed electronic computers used to 
solve missile problems have been put to 
a new use—solving organic problems of 
the human heart. Two of the division’s 
computers find spare-time duty in a study 
of heart activity. Electronic brain of 
the computer analyzes human heartbeats 
in terms of “harmonic’’ content, com- 
bined frequencies and amplitudes of 
contractions, flutters, valve actions, and 
all other motions. These are described 
and recorded in precise mathematical 
terms enabling a researcher to distinguish 


normal and abnormal cardiac condi- 
tions.... A new 14,000 sq.ft. nuclear 
building is planned for operation (of zero 
power assembly) in 1957. A ‘‘short- 
order’ reactor that operates without 


cooling equipment for 10 to 20 min. at a 
time will be built 25 ft. beneath the ground 
and surrounded with 5-ft. thick concrete. 
The installation is designed strictly for re- 
search projects. ... Design work on the 
propjet Electra, scheduled for domestic 
air-line use in 1958, has entered the fabri- 
cation stage. ... Georgia Division is test- 
ing a new type of German-built runway 
sweeper described as a man-made tornado 
that promises to solve the runway litter 
problem of the nation’s airports. The 
first C-130 Hercules to be used for Arctic 
testing has been flown to Wright-Patter- 
son Air Force Base where it will be out- 
fitted as a cold-weather laboratory. The 
Air Force’s first propjet combat transport 
has already demonstrated its ability to 
deliver troops and supplies by parachute. 
Work on tooling, jigs, and fixtures for 
three supersonic jet fighters is under way 
at the Marietta plant. 

@ Minneapolis - Honeywell Regulator 
Company... A working model of the 
Aeronautical Division's automatic flight 
control system, used in the F-100 super 
Sabre, was shown for the first time at the 


Aircraft Electrical Society show in Los 
Angeles 
e North American Aviation, Inc.....: \ 


Reliability and Standards Department has 
been activated in engineering organization 
changes at the Autonetics Division 
Other new departments include Flight 
Control, Armament Control, Flight Test, 
Special Products, and Guidance 
Atomics International Division will build 
a 50-kw. nuclear research reactor to be 
installed at the University of Frankfurt 
in West Germany. Contract is with the 
German firm of Farbwerke Hoechst 


@ Northrop Aircraft, Inc., has presented a 
full-scale complete design mock-up of a 
multisonic jet airplane to the Northrop 
Aeronautical Institute. Called the Fang, 
the model is in a design class with the 
Century series jet aircraft. The mock-up 
will provide engineering students with in- 
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TY ME WELI 4 SPEN’ — Northrop Aircraft’s engineering and pro- 
duction team continuously pursues scientific developments to strengthen the 
national defense. Often this trail-blazing corporate effort commences long before 
a military requirement is known to exist. For example, when Northrop engi- 
neers started work on a supersonic trainer airplane, it was without the benefit of 
contract support. Now, two years later, this jet trainer is an important Air Force- 
Northrop project. The time which Northrop devotes to scientific exploration N O R T H R O P 
without guarantee of future returns has often paid dividends to the defense 
effort. It has proved to be time well spent in the interest of the American people. NORTHROP AIRCRAFT, INC. * HAWTHORNE, CALIFORNIA 


Pioneers in All Weather and Pilotless Flight 
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NEW TURBOROTOR ’COPTER... 


another Kaman First! 


Kaman Aircraft and Lycoming scored 
a turborotor first when this Kaman 

1951 J HOK helicopter took to the air pow- 
my ered by Lycoming’s XT-53, the first 
U.S. free-shaft gas turbine specif- ul 
ically designed as a helicopter power | 
plant. la 
Kaman leads the field in turbo- ° 
rotor experience and development 
and is proud of the forward steps tl 
it is taking in the interest of our 
National Defense. is 


KAMAN | 


Kaman built the first 
turborotor helicopter 
flown anywhere. 


1954 
Kaman again pio- 
neered in the heli- 
copter gas turbine 
field with this HTK 
powered with twin 
turbines. 


THE KAMAN AIRCRAFT CORPORATION 
BLOOMFIELD, CONNECTICUT 


Kaman builds helicopters YOU FLY LIKE A PLANE 
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formation on supersonic aerodynanic de 
sign. The firm’s Quadratic Arc Computer 
has set a record of continuous trouble-free 
operation. Only 25 instances of erratic 


# 
operation in tubes or other components Our an ineers are ood a S 
were recorded during 26 months of opera- | 


tion. Northrop engineers have improved 
on a huge riveting machine to the point | 
where, with a tape-commanded electronic 
brain, it automatically mass produces 20- 
ft.-long fuel-sealed wing segments. 


e Pan American World Airways, Inc., has 
been “dry running”’ jet air liners scheduled 
for delivery in 1958 on ten “ghost flights”’ 
a week between New York and Caracas, 
one of the Latin American Division sta- 
tions. The imaginary jet is piloted from 
a desk in Miami where weather charts are 
drawn up and flight plans prepared in 
accordance with actual wind velocities, 
directions, temperatures, and other con- 
ditions expected aloft. 


e The Parker Appliance Company has 
appointed Industrial Gasket & Packing 
Co., Inc., of Oklahoma City as distributor 
of Parker O-rings and other molded rubber 
products. 


@ Shell Oil Company... A new lubricant 
designed by Shell for helicopter main rotor 
and tail rotor bearing assemblies is said to 
prevent corrosion due to moisture and to 
flow well at temperatures down to —65°F. ip i ' 

The grease is called Aeroshell No. 14 Ww 0 don t need coddlin 

The firm extended its present agreement to o 6@ @ 
supply high-grade aviation fuel to Eastern 
Air Lines, Ine. 


@ Solar Aircraft Company has announced 
a sales agreement with Nissho Company 
Limited of Tokyo to supply aircraft and 
engine components and other products of 
the firm. 


Everyone at Kaman is pretty serious about the part we’re 
playing in the National Defense effort. Research and develop- 


e Sperry Gyroscope Company Division of ment of ringwing aircraft, remotely controlled helicopters, 
Sperry Rand Corporation has designed a rotochutes, gas turbine powered helicopters and other highly 
new lightweight portable radar which 
classified projects, plus production of the general utility HOKs 
an with his ears.’” The highly mobile gear is keeps us busy. 
self-contained in a drum-shaped metal case : ia 
we ts These jobs call for clear thinking and hard work. We need 
7 It has an effective range of 3 miles. . Engineers who can do both. The men we're looking for are 
, Another new development is the firm's mature, technically qualified people who can go about their 
if- = — — tester me alter work without coddling and who have their own private reasons 
roublieshoot, and service complex miussiue 
yer | ta for wanting to join an aggressive growing company. Kaman 
will supply the work, wages and opportunity, but the rest is 
up to you. Check the position you can fill and return the 
awarded a contract to develop a_ pilot coupon, like a good egg. 
ent ejection seat, following new approaches to 
2ps the drag and reduction problem, that will 
permit successful crew escape from dis 
Our | abled aircraft at supersonic speeds. It 


is expected that the resulting seat will be 
stable and characterized by consider 
ably reduced pressures on the seat occu- 


pant and his equipment. Low-level 
escape capability also will be provided 


Supersonic sled tests of the new seat have 
begun THE KAMAN AIRCRAFT CORP. 0) Aerodynamics 
; 61 Old Windsor Road o Design Drafting & Layout 
United Aircraft Corporation... Hamil BI field, C) 
ton Standard Division has been granted 
i an approved type of certificate for a new Att: W. M. Tynan, Administrative Engineer O Liaison 
a hollow aluminum aireraft propeller blade O Mechanical Design 
| by the CAA. Under development for 6 Name 0 oe Sogn 6 
. esearc 
years, the new blade is made in a variety Address es O Stress Analysis 
of sizes by the extrusion process. Its City 7 ae O Systems Development 
chief advantage over solid alloy blades Stet O Structural Design 
Is In weight-saving, with the result that it 
0) Thermodynamics 
boosts engine horsepower. Home Phone —_—_—_—_—_—_—_——._ J Weights 
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e@ Vertol Aircraft Corporation in- 
augurated a sales program in Europe, 
South America, and the Far East for 
the first time. Commercial and military 


sales are anticipated. 


Vickers Incorporated... A new eight- 
page, two-color catalog which discusses 
hydraulic systems for turbojet and turbo- 
prop aircraft engines is available by writ- 
ing Vickers Incorporated, Box 302, 
Detroit 32, Mich 


@ Westinghouse Electric Corporation... 
Chief Pilot Albert C. Korb (TM) has 


received the National Business Aircraft 
Association's annual safety award for fly- 
ing the equivalent of more than 40 times 
around the world without a mishap. The 
award marked completion of more than 2 
million miles of flying without an accident 
@ Wyman-Gordon Company reports that 
one of the most powerful industrial plant 
exhaust systems in the East is being in- 
stalled at the firm’s North Grafton, Mass., 
Air Force facility Air will move through 
the system at a speed of 483 m.p.h. Water 
will be contained in a 7,000-gal. recircu- 
lating system 


IAS SECTIONS 


Atlanta Section 


The November 1 meeting, 88 members 
and guests attending, was held at the 
Officers Club, Atlanta Naval Air Station; 
an International Aircraft Symposium was 
conducted by eight engineers formerly 
in the European aircraft industry. 

This program was moderated by W. D 
Perreault. Speakers were Carl Bronn, 
Norway; Olle Olsson and Nils-Olof Olsten, 
Sweden; Willi Jacobs, Germany; Jys 
Ruys and Peter Hulsebos, Holland; and 
Gordon Forbes and Peter Fielding, 
England. All speakers are members of 
Lockheed Aircraft Corporation’s Georgia 
Division engineering staff. 

The speakers discussed European and 
American industry, training, employment 
backgrounds, financial compensation, 
flight-test procedures, component design, 
and operational reliability. 

Compared to the relative size of Amer- 
ican industry, European industry is 
smaller in all phases of operation. It was 
said that one large American company 
has annual gross sales equal to the entire 
expenses of the United Kingdom on air- 
planes. Also, United States industry 
accounts for about 70 per cent of dollar 
activity of the total world market exclud- 
ing China and Russia. America spends 
more of each tax dollar for defense and 
more on research and development which 
has resulted in a considerable lead in 
production of high-speed aircraft and 
missiles 

A comparison of training was said to 
show that, although primary school sys 
tems are essentially the same, secondary 
school in Europe is more rigorous. The 
high schools of Holland, where such sub- 
jects as calculus, descriptive geometry, 
and mechanics are taught, were cited as 
an example. These subjects are taught 
at undergraduate level in American col- 
leges. 

Employment backgrounds of the 
speakers included many phases of the air- 
craft industry. They said study and 
practice of engineering in Europe is re- 
garded as a profession similar to law and 
medicine, but everywhere the engineer 
receives less pay than his confreres in 
the other professions. This was said to 


be especially true on higher levels of 
responsibility and management 

The major problem that retards Euro- 
pean flight tests is weather which, even in 
summer months, may be unsatisfactory 
for several days at a time. 
similar, but 
uncertain 


Procedure is 

scheduling tests is always 
Environmental tests covering 
extremes of altitude and temperature must 
be conducted in other parts of the world, 
resulting in logistic and liaison problems. 

Component design and reliability is ona 
par with America, but one of the reasons 
for European preference for American 
aircraft is outstanding field service repre- 
sentation provided with the product. 
This results in obtaining a satisfactory 
operating system in a minimum amount of 
time. 

Wilfred Garrard, formerly of England, 
summarized by noting that at the end of 
World War II there was a general apathy 
toward military aircraft development due 
to physical financial exhaustion of 
European nations. This has contributed 
greatly to America’s lead in the industry 


CLAUDE V. WILLIAMS, Secretary 


Baltimore Section 


Colonel Harold C. Teubner of the Air 
Force Resear ind Development Com 
mand spoke on “ARDC Command 
Briefing’? at the October 3 meeting held 
at the 261 1th Air Reserve Center 

Organization, 
of ARDC 

Specialists’ 1 


programs, and products 
utlined 

eetings were planned and 
approved after results of a recent interest 
poll among members were discussed 


RONALD G. CLANTON, Secretary 


Boston Section 


Lawrence Le\ President, Allied Re- 
search Associates, Inc., spoke on ‘The 
Impact of Nuclear Weapons Effects on 
Aircraft Design it the October 23 meet 
ing. 

Effects of a nuclear explosion in terms of 
quantities that the aircraft designer is 
familiar with -gust velocity and thermal 
energy required to produce temperature 
rises in aircraft skin—were explained and 
illustrated with colored slides. A movie 


JANUARY, 


about Air Force participation in atomic 
tests also was shown. 


DANIEL J. FINK, Secretary 


Cleveland-Akron Section 


Some 70 members toured a Republic 
Steel Corporation sheet rolling strip mill 
the afternoon of October 16 and then met 
at the Manger Hotel to hear Herbert 
Friedman speak on the ‘Vanguard Satel- 
lite Program’’ in the evening. Mr. 
Friedman is Head of the Naval Research 
Laboratory Optics Branch. 

He explained the role of the Research 
Laboratory (in Project Vanguard) which 
includes instrumentation of the satellite. 
He displayed full-size models showing the 
instruments and their arrangement and 
described some of the research possibilities 
of the satellite. Audience 
followed the talk. 

Earl C. Smith, Director of Research and 
Chief Metallurgist at Republic, also spoke 
on problems of producing steel 


discussion 


JoHN C. Evvarp, Secretary 


Hagerstown Section 


Some 90 members and guests were 
introduced to newly installed officers at 
the October 10 meeting in the Fountain 
Head Country Club. 

Officers for the year are C. S. Huber, 
Chairman; J. A. Neilson, Vice-Chairman; 
R. W. Bradham, Secretary; and E. R. 
Kuklewicz, Treasurer 

Major Gen. Hamilton H. Howze, Direc- 
tor of Army Aviation, spoke on the 
Army’s interest in nonairport aircraft. 
A discussion period followed the talk 

R. W. BrRApDHAM, Secretary 


Los Angeles Section 


The October dinner meeting, onthe 18th, 
featured an address by Rear Adm. James 
S. Russell, Chief of the Bureau of Aero- 
nautics, Department of the Navy. Ad- 
miral Russell, a Fellow and Honorary 
Member of the Institute, spoke on ‘‘Plane 
Sense and Weapon Systems.” 

He was introduced by Donald W. Doug- 
las, Jr., Vice-President—Military Rela- 
tions, of Douglas Aircraft Company, Inc., 
who was Guest Chairman for the evening 

Among guests present were Dan A 
Kimball, President, Aerojet-General Cor 
poration; Rear Adm. John B. Pearson, Jr., 
USN, Force Material Officer, Naval Air- 
craft, Pacific Fleet; Commander Hheps, 
USN, of Patuxent Naval Air Station 
Special Aide to Admiral Russell; Capt 
V. Soucek, USN; Edgar Schmued, Vice- 
President in Charge of 
Northrop Aircraft, Inc. 

Chairman Welko Gasich presided 
p> Former Chairman George Mellinger 
introduced new officers installed at the 


Engineering, 


* That area of Admiral Russell’s address 
dealing with the effects of the weapon sys- 
tem concept on BuAer organization and 
planning may be found on pp. 47, 48 of 
this issue of the REvrew under the title 
New Organizational Alignments the 
Bureau of Aeronautics 
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Tooth grinding on a production basis 
of this Sundstrand Aircraft Alternator 
Drive is to tolerances more exacting 
than normally obtained in the finest 
master gears. Squareness and 
concentricity are maintained to one 
tenth of a hair thickness. 


PRECISION 


is Our Onli Product! 


@ Everything at 1.G.W. is geared to precision. You'll find a “feeling” for 


precision not just in inspection and production and engineering, but also 
in maintenance and shipping and on throughout the company. It’s the 


basic reason why I.G.W. is the recognized source for precision gears 


INDIANA GEAR WORKS, INC. 


IN DIANAPOLES: LDN DIANA 


fo | 
4 | 
j 4 
* te 
% | 
in A 
| Cor 
ms a 
48 of § 
tne i\ & } 
1 


68 


New $40,000,000 plant for Convair-Astronautics 
facility, soon to be completed. 


New $3,500,000 supersonic wind tunnel now under 
construction at Convair San Diego. 


AERONAUTICAL ENGINEERING REVIEW 


Here’s the big aie PLU S”’ for engineers... 


JANUARY, 1957 


reach of San Diego. 


the advanced projects and facilities, PLUS beautiful, year-round San Diego living 


Tremendous projects at Convair San Diego include the 
F-102A Supersonic Interceptor, the Metropolitan 440 
Airliner, the Convair 880 Jet-Liner, and a far-reaching 
study of nuclear aircraft. To aid engineers in these 
projects, big new facilities are being added to the already 
vast Convair San Diego plant. These include a huge 
installation for research, development, production and 
testing of the Atlas intercontinental ballistic missile, an 
elaborate new seaplane towing tank, and a new super- 
sonic wind tunnel. 


You'll find an ideal engineering “climate” at Convair San 


Diego — excellent salaries, comprehensive personal ad- 
vantages, engineering policies to stimulate your profes- 
sional growth, and a rewarding association with men 
who are outstanding in their engineering fields. 


Add to all these the big “plus” of delightful living in 
sunny San Diego, where America’s kindest all-year 
climate gives you and your family full enjoyment of 
beaches, mountains, desert resorts, Old Mexico, Holly- 
wood, and many other fun possibilities. For the big 
“plus” in your future, send full resume to H. T. Brooks, 
Engineering Personnel, Dept. 525. 


_CONVAIR., 


CS A DIVISION OF GENERAL DYNAMICS CORPORATION 


3302 PACIFIC HIGHWAY 


SAN DIEGO, CALIFORNIA 


New $300,000 Convair San Diego seaplane towing 
tank, first unit of complete hydrodynamics laboratory. 


La Jolla Cove, one of many beauty spots within easy 


nan 


| 
| 
| 
| 
| 
t 
h 
re 
p 
18 
t 
| \ 
tl 
a 
C 
a 


4 


ng 


ry. 


y 
> 


IAS NEWS 


Pictured at the October 18 meeting of the Los Angeles Section are E. H. Heinemann (F), 


Chief Engineer, Douglas Aircraft Company 


Inc., El Segundo Division; Dan A. Kimball (AM), 


President, Aerojet-General Corporation; Section Chairman Welko Gasich; Donald W. Doug- 


las, Jr. 


(AF), Vice-President—Military Relations, Douglas; Rear Adm. James S. Russell, 
USN (F), Chief, BuAer; Rear Adm. J. B. Pearson, Us 


N (AF); and Edgar Schmued (F), 


Vice-President—Engineering, Northrop Aircraft, Inc. Admiral Russell addressed the Section 


on ‘Plane Sense and Weapon Systems.’ 
ground. 


September 20 meeting: Welko Gasich, 
Chairman; Carl Haddon, Vice-Chair- 
man; Charles Sardou, Treasurer; and 
A. J. Carah, Secretary. Eleven com- 
mittee chairmen also were appointed dur- 
ing this meeting. 

Speaker was Col. Horace A. Haynes, 
USAF, Director of Flight Test at Edwards 
Air Force Base. He spoke on the mis- 
sion of Air Force flight-test centers and 
presented a recent history of Edwards 
AFB. Colonel Haynes told of eight phases 
used by the Air Research and Develop- 
ment Command in flight-testing military 
aircraft. 


Niagara Frontier Section 


The October 10 meeting was held at 
Cornell Aeronautical Laboratory, Inc., 
where Richard C. Dehmel, Chief Engineer, 
Electronics Department, Curtiss-Wright 
Corporation, spoke on “Flight Simula 
tors. 

Dr. Dehmel explained the purpose of 
his trainers. He said suitable simulation 
requires that malfunction should be of a 
progressive nature so that crewmen can 
recognize various stages. If proper action 
is taken, the simulated malfunction is cor 
rected; if improper action is taken, the 
seriousness of the malfunction should be 
increased. discussion followed the 


talk. 


RONAL B. CrISMAN, Secretary 


San Diego Section 


Papers on problems involving heat and 
VTOL aircraft were heard by the Section 
at technical meetings during October and 
on November 1. Topics presented and 
their authors were ‘‘The Problem of Suc 
cessful Re-Entry into the Earth’s Atmos 
phere,”’ by William H. Dorrance, Assist 
ant to the Director of Scientific Research, 
Convair, A Division of General Dynamics 
Corporation; “Some Structural Methods 
and Materials for High-Temperature 


A model of the U.S.S. ‘‘Forrestal’’ is in the fore- 


Application,” by Robert R. 
Research Engineer, Missile Systems Divi- 
sion, Lockheed Aircraft Corporation; 
and ‘Some Unique Aspects of Flight-Test 
Instrumentation for Vertical Take-Off 
Aircraft,” by Earl R. Hinz, Unit Chief, 
Systems and Controls, Ryan Aeronautical 
Company, and Robert A. Fuhrman, Chief, 
Technical Section, Rvan. Mr. Fuhrman 
also discussed AGARD, of NATO. 


P. E. CULBERTSON 
Corresponding Secretary 


Seattle Section 

Special guests at the October meeting 
were George E. Bennett, Norman Hill, 
and Robert T. Schields of Farnborough, 
England, here to discuss automatic data- 
taking and reduction with representatives 


Johnson, | 
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of Boeing Airplane Company. Guest 
speaker was James A. O'Malley, Jr., 
Chairman of IAS Niagara Frontier Sec- 
tion. 

Mr. O'Malley, who has been Project 
Aerodynamicist on Bell Aircraft Corpora- 
tion’s jet and ducted propeller VTOL 
projects since 1947, gave a comprehensive 
review of his firm’s research in the field. 
He pointed out how the company pio- 
neered both helicopters and supersonic 
aircraft and, as a result, became in- 
terested in higher performance vertical 
risers. A jet VTOL transport design was 
presented and its advantages shown. The 
story of this transport, from design to 
flight, was illustrated with slides and a 
motion picture. A discussion followed. 


Some 40 members of the Canadian 


Aeronautical Institute were guided 
through Boeing’s Transport Division 
plant by Seattle Section members. May- 


nard Pennell, Chief Engineer of the divi- 
sion, welcomed the CAI group at a lunch- 
eon which preceded the tour of the plant’s 
numerous facilities. 
Tuomas V. Davis 
Secretary 


Texas Section 


Wayne W. Parrish, Editor and Publisher 
of American Aviation, spoke before 150 
members and guests at the October 26 
meeting in the Hilton Hotel, Fort Worth, 
Tex. 

Mr. Parrish told of impressions he 
gathered on his recent trip to Russia. 
He described Russian economy, society, 
and technical prowess as he saw them. 

“Reliability in Aircraft Hydraulic Sys- 
tems,” a talk given by Leo M. Chattler, 
Staff Engineer at Chance Vought Aircraft, 
Incorporated, was heard by 45 members 
and guests at the October 17 meeting. 

Mr. Chattler delineated primary causes 
of hydraulic system failure and outlined 
some possible cures. He recommended 
greater design simplification and detailed 


Some 40 members of the Canadian Aeronautical Institute toured Boeing Aijr- 
plane Company's Transport Division plant in Seattle “‘chaperoned" by members 
of IAS Seattle Section. Shown are Maynard Pennell, Chief Engineer, Boeing 
Transport Division; Alfred Stringer, CAl Council Member; lan Gray, Chairman 
of CAI’s Vancouver Section; Robert McCollum, CAI Program Chairman; R. E. 


Bateman, Vice-Chairman of IAS Seattle Section; 


of IAS Seattle Section. 


and T. V. Davis, Secretary 
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UPPER ATMOSPHERE 
RESEARCH 


The International Geophysical Year is a 
period of intensive research devoted to 
the earth and its surroundings. Aerojet- 
General research rockets will play a major 
role in IGY. In addition to Project Van- 
guard propulsion systems, Aerojet will 
supply its famed Aerobee-Hi rockets for 
critical research flights from Hudson Bay. 


Whether your interest lies in Vanguard or 
valves, Aerojet-General offers a variety of 
challenging assignments for: 

Mechanical Engineers 

Electronic Engineers 

Chemical Engineers 

Electrical Engineers 

Aeronautical Engineers 

Civil Engineers 

Metallurgists 

Chemists 

Physicists 

Mathematicians 

Technical Editors 


CORPORATION 


A Subsidiary of Tim PLANTS AT AZUSA 
The General Tire AND NEAR SACRAMENTO, 
IRE 


& Rubber Company CALIFORNIA 


Write: Director of Scientific and Engi- 
neering Personnel, Box 296 C, Azusa, 
Calif. or Box 1947C, Sacramento, Calif. 
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analysis. He presented case histories of 
actual failures and redesign techniques. 
A. T. CLEMEN, Secretary 


Tulsa Section 


heard 


Chief 


Members 
Assistant 


Charles R. Strang, 
Engineer and Chief 
Designer, Douglas Aircraft Company, 
Inc., Tulsa Division, speak on ‘Air 
Logistics” at the October 8 meeting at the 
University of Tulsa 

An Associate Fellow of the Institute, 
Mr. Strang covered general probiems in 
air logistics and specific problems related 
to his firm’s YC-132 aircraft. Color 
slides illustrating the cargo capacity of 
this airplane were shown 
CHARLES K. BARTON 

Recording Sec retary 


JANUARY, 


7 


Wichita Section 


Three speakers from Boeing Airplane 
Company's Wichita Division spoke on 
“The Boeing B-52 Airplane’ at a meeting 
in the Lassen Hotel October 18. They 
were T. E. Gamlem, Chief Engineer; ] 
J. Clark, B-52 Senior Project Engineer 
and W. E. Burnham, Chief Tool Engineer 

Mr. Gamlem was moderator, and Mr 
Clark and Mr. Burnham showed slides on 
the development of the airplane 

Safety provisions of the electrical, 
hydraulic, and other major systems were 
explained. High energy noise 
ment generated by the jet engines on 
structural design was discussed, as well as 
radically new improved 
methods used in construction 


environ- 


tooling 


EDWARD J. SULLIVAN, Secretary 


STUDENT 


BRANCHES 


The Aeronautical University 


The IAS Student Branch held a joint 
meeting with its counterpart in the SAE 
on October 9. Officers were introduced, 
and the function of each group was out 
lined. 


IAS Chairman 
activities of 


Gene Saleno 
the Branch 
three field trips, 
six film meetings, an 
ittendance at the IAS 
meeting and Student 


Former 
summarized 
during the past year 
two guest speakers, 
annual picnic, and 
Chicago Section 
Conference 


Members of both branches attended an 
SAE Chicago Section meeting the follow 
ing evening to hear C. G. A. Rosen speak 
on “The Role of the Turbine in Future 
Vehicle Power Plants.” 


Full advantages of the turbine in its 
various configurations and cycles may be 
exploited in the design of future vehicles, 
he said. These advantages are reduction 
of weight, use of available low-cost fuels, 
operation in any climate, and low main- 
tenance. He said that a higher standard 
of life will be prominently influenced by 
the impact of the turbine in our era and 
that it presents 
to us all. 


i tremendous challenge 


Scott F. Hoo 
Sec retary 


Boston University 


Ernest Hillje was elected Treasurer of 
the Branch at the October 15 meeting. 
Elected to a Activities Committee 
were Leonard Pauze, George Boyle, and 
Anthony Souza. 


new 


Two films were 
a résumé of the 


shown—A irpower ‘56, 
1955 National Aircraft 
Show, and The Design and Testing of 
Supersonic Flutte Models, from the 
Massachusetts Institute of Technology 
FRANK H. NICHOLS 
Secretary 


The Catholic University of America 


Freshmen were given a brief outline of 
the IAS and other activities engaged in by 
the Branch at the October 26 meeting 

Chairman Patrick J. Ferriter introduced 
the Head of the Department of Aero 
nautical Engineering, Dr. Max M. Munk, 
who spoke on the value of the IAS and 
the history of aviation. 

Richard Andryshak appointed 
chairman of a committee to locate suit 
able articles for the Max Munk Awards 


Patrick J. FERRITER, Chairman 


was 


Georgia Institute of Technology 


“Procedures in the Aerodynamics De 
partment of McDonnell Aircraft Corpora- 
tion’’ was the subject of a talk by Arthur 
A. Lambert of McDonnell on October 22 
A film on the F-101 also was shown 

Highlight of the third meeting was a 
lecture on “The Selection of Plan Forms 
for High-Speed Bombers,”’ by Ted Dansby 
of Convair, A Division of General Dynam- 
ics Corporation, on October 29. 

The relation of plan forms, airfoil thick- 
ness, and aspect ratio to range variation 
in a high-speed bomber was illustrated 
with slides. Three types of plan form 
described were delta wing, tapered wing, 
and swept wing. 

Members discussed how to present the 
Branch program and purposes at an 
activities night for all campus organiza 
IAS literature was distributed 

EUGENE C. Knox, Secretary 


tions 


lowa State College 


John Drew of Chance Vought Aireraft, 
Incorporated, Systems Analysis, spoke 
briefly at the October 30 meeting 

He said today’s engineers are confronted 
with a wide scope of analysis—they must 
try to predict what future wars will be 
like and design accordingly. He discussed 
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Globe (Lerostatique 


Montgolfier’s wanguard project 


A sheep, a duck, a rooster—the first payload carried aloft for 
atmospheric research. Louis XVI, his queen and his court, 

were astonished witnesses as Joseph Montgolfier’s smoke- 
filled balloon rose in majesty 1500 feet over Versailles. The 
passengers? unharmed (except the rooster, kicked by the sheep). 


Project Vanguard, 1957, is an equally momentous ‘‘first’’— 

an attempt to place a 21-pound satellite in an orbit 300 miles up. 
Aerojet-General, designer-builder of the famed Aerobee-Hi, 
will supply vital second-stage propulsion systems for Vanguard 
launchings during the International Geophysical Year. 


CORPORATION 


A Subsidiary of 


The General Tire & Rubber Company 


THE 
PLANTS AT AZUSA AND 
GERERAL NEAR SACRAMENTO, CALIFORNIA 


Aerojet-General invites scientists and engineers—men of imagination and 
vision—to join the attack on the most significant research,.! 
development and production problems of our time. 
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missile and satellite design problems and 
said they will increase if missiles are to 
carry men. 

John Sloan, Chance Vought personnel 
representative, showed a film his 
firm’s Crusader airplane. 
> A group of engineering students who 
worked in industry during vacations led 
the October 17 meeting. 
gained was evaluated. 

Speakers were Larry Stein, Performance 
Group of Aerodynamics at The Cessna 
Aircraft Company; Bill Anderson, Super- 
sonic Wind Tunnel, Chance Vought; 
Dennis Holstein, Special Projects Group 
of Aerodynamics at North American 
Aviation, Inc., at Downey, Calif.; Jack 
Brownson, External Stores, North Amer- 
ican’s Columbus plant; Jeff Thompson 
in Structural Test and Development, 
Douglas Aircraft Company, Inc., Long 
Beach, Calif.; and Dave Gill, Flight 
Analysis Group of Aerodynamics at Lock- 
heed Aircraft Corporation, Burbank, 
Calif. 

Juniors who spoke were Larry Smith, 
Performance Group of Aerodynamics at 
Douglas’ Tulsa plant, and La Verne Pagel 
in Advance Engine Design, Allison Divi- 
sion, General Motors Corporation 


Experience 


MARVIN BAXENDALE, Secretary 


Kansas State College 


R. W. Clack, a member of the College 
faculty, spoke on “Atomic Reactors and 
Related Problems”’ before the October 11 
meeting. 

He discussed reactor control and special 
problems of nuclear-powered aircraft and 
told of his experiences at Oak Ridge during 
the summer. He explained why shielding 
was the current problem in reactor control 
and exhibited a drawing of a reactor the 
College hopes to obtain. 


Nor Sutton, Secretary 


Kent State University 


Robert Shutak was appointed Chairman 
to replace Steve Pavlisin, who resigned 
at the first meeting of the Branch on 
October 10. 

Mr. Pavlisin was appointed Publicity 
Chairman and Tom Kinsel 
Chairman. 

Several members attended the IAS- 
sponsored tour of Republic Steel Corpora- 
tion’s strip mill and the Vanguard Satel- 
lite Program. Program speaker Herbert 
Friedman of the Naval Research Labora- 
tory spoke on the application and prob- 
lems of rockets and satellites. 

An amendment to the Branch constitu- 
tion was passed to allow second-quarter 
freshmen admittance. Chairman Shutak 
reported that Branch members may 
attend IAS-sponsored dinners at a special 
price. 


Program 


RoBertT D. FENNING, Secretary 


Louisiana State University 


Branch members and their guests saw a 
four-part movie on How an Airplane Flies 
at the second meeting in October. The 
movie outlined basic theory concerning 
lift, drag, and thrust components and 
illustrated stability and control principles. 


AERONAUTICAL ENGINEER 


NG REVIEW 


Members discussed the availability of 
Branch awards and elected Murrell J. 
Baxter Secretary 


MuRRELL J. BAXTER, Secretary 


New York University 


Herbert Hecker, of the Solid Mechanics 
Branch, the University’s Research Depart- 
ment, was guest speaker at the October 
31 meeting, speaking on ‘Photoelasticity 
and Thermal Photoelasticity as Applied 
to Aircraft Structure.” 

Mr. Hecker, who has more than 10- 
vears’ experience in aerostructure, ex- 
plained problems encountered in the stress 
analysis of sweptback wing. He 
illustrated the talk with pictures, a film 
and a test model 
p> Alfred 
“Super 
meeting. 


Kuen, student, spoke on 
Airports” at the October 17 

He discussed the development 
of commercial airports from the single 
strip to the tangential runway system 
like that used at Idlewild International 
Airport. Advantages and disadvantages 
of various layouts and difficulties encoun- 
tered in construction were cited. 

“Lift Increase Devices’’ was the subject 
of a talk given by Charles Fromme, 
another student, at the October 10 meet 
ing. Mr. Fromme showed an NACA film 
of the same title 
> It was announced at the October 4 
meeting that Adm. Robert S. Hatcher, 
newly appointed Chairman of the Aero- 
nautics Department, has succeeded Fred- 
erick K. Teichman as Branch faculty 
adviser. Professor Teichman was made 
Dean of the College of Engineering, Day 
Division. 

Newly elected officers are Pete 
Kutschenreuter, Chairman; Pete 
Schwartz, Vice-Chairman; Charles Savat- 
teri, Treasurer ind Marvin D. Barkan, 
Secretary. Coming activities for the 
Branch were outlined 


Marvin D. BARKAN, Secretary 


North Carolina State College 


On October 28, members heard Fred W 
Willard of Lockheed Aircraft Corpora 
tion speak on the importance of static and 
hydrostatic testing of aircraft. Mr. Wil 
lard is Group Engineer in the Electrical 
Electronics Laboratory of Lockheed’'s 
Marietta, Ga., Division. 

He cited hydrostatic 
testing over conventional methods and 
showed two films on static and hydrostatic 
testing of the C-130. Methods used in 
these tests were explained by Mr. Willard. 


advantages of 


Jesse W. HARRELL, Secretary 


Ohio State University 


1 


A movie titled Target for Tonight was 
shown at the October 24 meeting. The 
speaker for the next meeting will be a 
representative from Lockheed Aircraft 
Corporation 


GORD 
Parks College of Aeronautical 


Technology 


Louis Gober, leading engineer at Red 
stone Arsenal, and Harry Heller, Central 


-JANUARY, 


Nv A. TAYLOR, Secretary 


S7 


Ordnance 


Field Representative, Army 
Corps Ballistic Missiles Agency, spoke 
before Branch members who were joined 
by members of the American Rocket 
Society branch for the November 6 meet 
ing 

Mr. Gober illustrated with slides the 
history of rocket development and dis 
cussed the Redstone Missile. He told 
also of what might be expected in future 
development and application of rockets 

Mr. Heller outlined opportunities avail 
able for scientific and technical personnel 
at Redstone. 


John Merty, Preliminary Design Sec 


tion, North American Aviation, Ince., 
Columbus Plant, spoke November 5 
Mr. Merty lectured on the ‘Weights 


Engineer’ and discussed his work in the 
development of high-speed aircraft and 
weapons systems. 

He cited the problem of ‘‘rudder buzz” 
encountered by North American engineers 
and its solution through use of a “‘splitter 
plate rudder.” Horizontal and _ vertical 
rudder assembly failure due to flutter was 
shown on a film taken with a high-speed 
camera mounted on a rocket sled 

RICHARD M. ANDRES 
Recording Secretary 


The Pennsylvania State University 


M. F. Towsley spoke on ‘Selection of 
the Plan Form for a Supersonic Bomber” 
at the October meeting. 

Mr. Towsley, Aerodynamics Group 
Engineer of Convair, Fort Worth, A 
Division of General Dynamics Corpora 
tion, explained design procedure followed 
by his firm. He discussed specific con 
siderations given a supersonic bomber 
and points in design study where 
form is used. 


a plan 


He said primary performance require 
ments of such a bomber are sufficient range 
to reach a target and return; sufficient 
speed, altitude capability, and armament 
for defense; minimum size and ability to 
carry a specified bomb load. 

A generalized study is made after 
design preparation is undertaken. This 
study involves aerodynamics, structures, 
propulsion, and their relation to each other. 
The plan form also is considered at this 
stage because of its effect on Mach-critical, 
wing weight, and fuel storage volume 

Design is re-evaluated on the basis of 
thisstudy. Re-evaluation includes deter- 
mination that all basic requirements are 
met and incorporation of new ideas 
Then final configuration is planned, and a 
prototype is built. Last step consists of 
shakedown tests, evaluations, and reports 

After Mr. Towsley’s address, other IAS 
activities were discussed. A questionnaire 
to sample member interest in activities 
was circulated. The 
attended by 60 students. 


meeting was 
ROBERT L. WALACAVAGE, Secretary 


Polytechnic Institute of Brooklyn 


Bill Cochran of Grumman Aircraft 


Engineering Corporation spoke on “Eng!- 
neering Flight Test’? at the October 31 
meeting. Mr. 

mental test pilot 


Cochran is an experi- 
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Through his firm’s project pilot arrange- 
ment, the pilot has full responsibility for 
the successful completion of his aircraft 
model test. He said the pilot begins with 
early preliminary design stages where he 
injects a sense of realism into often abstract 
engineering thinking. Project pilots con- 
fer with customers to determine needs and 
keep in constant contact with the air- 
craft through mock-up and_ prototype 
stages. Through this he knows the ca- 
pabilities of each component of the air- 
craft in advance of its first flight. 

Mr. Cochran told of personal experi- 
ence in relation to landing tolerances, 
high speed, and altitude flight capabilities. 

After the aircraft is accepted as opera- 
tional, the pilot conducts training lectures 
and indoctrination programs. 

Mr. Cochran appealed for more student 
interest in the IAS 2-year flight-test 
engineering fellowship at Princeton Uni- 
versity. 

Two films, Attitude Gyro and Aeroelas- 
tic Problems of Supersonic Wings, were 
shown at the October 24 meeting. 

Operation of an attitude gyroscope was 
shown with a marked sphere and model 
airplane. 

Film from cameras in test missiles 
showed wing behavior of various configura- 
tions. Results of the film test have led 
to a new concept of design for stiffness, 
divergence, stability loss, control reversal, 
and flutter. 
> On October 19 the film Lighter Than Air 
was shown. Development and perfection 
of lighter-than-aircraft was traced. 

Sabre Jet F-86 Defender, another film, 
was seen by members on October 16. 
New members were told of opportunities 
involved in entering the Branch Lecture 
Award Competition. Value of the com- 
petition to the student's professional 
experience was stressed. 

Officers were introduced and plans for 
the school year were discussed at the 
first Branch meeting October 3. 

Officers are Bob Capria, Chairman; 
Howard Baum, Vice-Chairman; William 
Peschke, Treasurer; Ira Cohen, Cor- 
responding Secretary; and Allen Schnei- 
der, Secretary. 

Plans call for weekly meetings, films, 
and guest speakers from each major 
technical field in aviation. Two field 
trips also are planned. 

ALLEN J. SCHNEIDER 
Recording Secretary 


Princeton University 


“Opportunities for Engineers in the Air- 
craft Industry’’ was the subject of a talk 
by Gordon Sikes, Director of the Univer- 
sity Placement Bureau, who spoke on 
October 9 

Senior class members reported on their 
experiences in aircraft industry summer 
jobs. Seniors compared opportunities 
available at seven large aircraft companies 
and at a smaller concern engaged in air- 
craft modification work. Discussed were 
summer program, job interest, advance- 
ment opportunities, cost of living, and 
location of the firms for which they had 
worked. 

Criticism in common was the lack of 
work for student employees and lack of 
an opportunity to see overall operation. 
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_Is your Jet Engine RPM Measurement Accurate??? 


© COMPACT 
© LIGHT 
e RUGGED 


Tachometer: 


System 


Adants 


to any 


The NEW B&H Instrument 


For Turbo-Jet 
or Prop-Jet 


¢ « « Reads Jet Engine Speed to Guaranteed 
Accuracy of 10 RPM in 10,000 RPM (+0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, engine 
life and safety of operation can be made only upon accuracy of 
instrumentation. 

The new B&H TakCa_ incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, 
reading the frequency of the tachometer generator on a scale 
calibrated in percent RPM corresponding to the engine’s RPM. In 
addition, the TakcaL checks the tach system. The TAKCAL circuit 
and tachometer are parallel so that readings can be made simul- 
taneously to determine the accuracy (or inaccuracy) of the air- 
craft’s tach system. The TAKCAL operates during the engine run 
to properly set up engine controls for maximum economy and 
safety. 

The TakCAL’s component parts are identical with those used in 
the J-Model JeTcAL Analyzer. They are here assembled as a 
separate unit tester and for use with all earlier models of the 
JETCAL Tester. 


The TAKCAL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 


Explosion-proof TAKCAL 
for special applications. 
Measures 200 to 7500 
RPM, direct reading, with 
+0.1% accuracy. 


For full information write or wire 
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The seniors said they were impressed with 
educational programs and the advance- 
ment opportunities created by current 
expansion in the industry. 

Jack E. SNELL, Secretary 


Purdue University 


Chairman Dave Clingman outlined a 
tentative meeting and guest speaker 
schedule with emphasis on the IAS ban- 
quet scheduled for November 12 at the 
Purdue Memorial Union. 

Rules governing the IAS Student Paper 

Competition were explained. A movie on 
Convair VTO aircraft and future possibili- 
ties was shown, and new members were 
enrolled. The meeting was attended by 
63 members. 
p A recently released film of Lockheed’s 
F-104 supersonic fighter was seen by 170 
members and guests who attended the 
October 25 meeting. 

The film depicted the ‘‘life story”’ of the 
F-104 from the drawing board to flight 
test. Scenes from preflight mock-up, 
wing and stabilizer flutter, and component 
test presented the engineer’s contribution 
to the aircraft. 

Robert Pote, Assistant Department 
Manager—Engineering, at Lockheed Air- 
craft Corporation, conducted a question- 
and-answer period after the film. 


B. LEAcu, Secretary 


Rensselaer Polytechnic Institute 


Guest speaker Willis S. Bowman, Head 
of Aerodynamics at North American 
Aviation, Inc., Columbus Plant, spoke on 
“Factors in the Design of High-Speed 
Aircraft,’’ on October 17. 

Mr. Bowman listed among various char- 
acteristics desired in a combat airplane 
high speed, altitude, and mobility. He 
discussed compromises necessary to maxi 
mize aerodynamic efficiency and yet main- 
tain structural integrity. Various wing 
forms and the effect of aspect ratio and 
taper ratio on speed, drag, and stall were 
also mentioned. Stability compared in 
tailless aircraft and in aircraft with tail 
was emphasized and was appended with a 
discussion on damage to 
flexible members. A 
followed. 


aeroelastic, 
discussion period 


RoBeRT E. KELLY 
Secretary-Treasurer 


San Jose State College 


E. W. Robischon, IAS Western Region 
Manager, discussed objectives of the 
Institute and membership benefits at the 
first meeting of this newly formed Branch 
held November 6. 

Mr. Robischon suggested ways to make 
the Branch a rousing success. Later, 
a movie depicting developments in British 
aircraft exhibited at the Farnborough Air- 
show was shown. 

Branch plans call for a visit to NACA 
facilities at Ames Acronautical Labora- 
tories and another trip to the rocket facili- 
ties of the Aerojet-General Corporation 
in Sacramento, Calif. 

Membership of the Branch totals 29. 
Officers are Ted Shara, President; Jerry 


Miller, Vice-President; 
Secretary-Treasurer 
N. M. Milichevich 

Joseph Engineering Personnel 
Manager at Hiller Helicopters, Inc., was 
scheduled to speak at the November & 
meeting 


Leroy Schwoerer, 
Faculty adviser is 


Grass, 


LEROY SCHWOERER, Secretary 


University of Florida 


Chairman Ed Hecker presided over the 
October 22 meeting at which P. H. Miller, 
Aerodynamicist at Convair, A Division 
of General Dynamics Corporation, spoke 
on guided-imissile design. 

Mr. Miller’s talk dealt with six stages of 
missile design. Later, he answered within 
security limits questions fired at him by 
members. 

Don Craig, Editor of the Mach Buster, 
reported the estimated annual cost of the 
magazine will be $9.60, including cost of 
a zine printer’s cover plate. He said he 
was happy to see some feature articles for 
the magazine from Branch members and 
voiced the hope that more would follow. 
Providing funds for the cost of printing the 
Mach Buster was voted uponand approved. 

The Program Committee reported that 
letters have been sent to various aviation 
experts inviting them to visit and lecture 
before the Branch 

Chairman Hecker urged the Branch to 

help protect technical journals in the 
Engineering Library, several of which had 
been damaged and defaced. He also 
suggested the possiblity of an aeronautical 
display in the Florida Union. John 
Silvas was appointed to investigate and 
report on the matter. 
p Bill True and Ed Blanchette were 
appointed to the Program Committee, and 
Don Mallick and Paul Bowen were named 
Athletic Chairmen by Branch Chairman 
Ed Hecker at the October 8 meeting 

Nominations for Senior and Sophomore 
Benton Engineering Council representa 
tives resulted in the election of Bill Beims 
(senior) and Jim Anderson (sophomore. ) 

A number of members commented 
briefly on summer jobs. Bob Stromb, 
who worked for the Government, described 
his duties with the Wind-Tunnel Division 
at Wright Patterson Air Force Base. Bob 
Green told of his experience conducting 
casting tests for the San Diego Convair 


plant. Arnold Wolff worked in a calcula 
tion section related to Convair’s B-58 
Hustler program. Doug Pierson spoke 


of experience in the design section of Con- 
vair’s Fort Worth plant. 
ard, employed by Northrop Aircraft, 
Inc., commented upon his work with 
guided missiles at Coca, Fla. 

Faculty sponsor W. H. Miller opened 
the first meeting September 26 with a talk 
on the history of the IAS 

Officers introduced were Ed Hecker, 
Chairman; Frank Castellon, Vice-Chair- 


Howard Leon- 


man; John Anderson, Recording Secre- 
tary; Shirley Ogram, Corresponding 


Secretary; and Jim Crooker, Treasurer. 
Mr. Hecker announced that a talk on 
Operation Vanguard would be given 
November 30. He described events in 
which the Branch took part last year 
the engineering fair, special film showings, 
Static Lift research project, annual picnic, 


JANUARY, 


IAS Atlanta Section meeting, and the 
Honors Night banquet. 

Another faculty member, Professor 
Hoover, urged members to do some per- 
sonal recruiting to bring new 
into the Branch. 

Don Mallick showed a Navy motion 
picture and slides taken while he was on 
reserve carrier duty in the Pacific last 
summer 


members 


JoHN Davip ANDERSON 
Recording Secretary 


University of Illinois 


After the first business meeting on 
October 17, Harry H. Hilton, faculty 
adviser, introduced John F. Mello of 
McDonnell Aircraft Corporation who 


spoke on ‘Aerodynamic Design Problems 
Associated With a Flight-Mach 
Number Range.” 

An aerodynamics engineer, Mr. Mello 
drew upon 4 years’ experience in missile 
development to explain how large Mach 
Numbers affect missile design. The main 
problem, he said, lies in the large dynamic 
pressure rises and their effect on stability 
and control characteristics of missiles. 
He illustrated the basic configuration for 
a high-speed, high-altitude missile (a tube 
with a conical nose). 

Forces acting on control surfaces were 
broken into major components: body 
weight at the center of pressure of the 
body, wing force upon the wing’s center of 
pressure, and tail forces at the center of 
pressure of the tail control surface 

He said that the majority of various 
control parameters remain steady in large 
Mach Numbers and that the high degree 
of stability in missiles creates a problem 
in achieving maneuverability. At low 
speeds missile maneuverability 
sluggish 


Large 


becomes 
Where maneuverability is not 
essential, bodies of revolution are best 
suited for high Mach Number missiles, he 
said. 

Chairman Donald Glennie opened the 
meeting by introducing Branch officers 
Ronald Frost, Engineering Council repre- 
sentative, reported on the first Council 
meeting. Three faculty members and 107 
Branch members were present 


EUGENE G. HILL, Secretary 


University of Kentucky 


Ronald Bonnell, a mechanical engineer 
ing student, spoke on ‘Boeing at Wichita,” 
where he was employed during the sum- 
mer 

Addressing the October 18 meeting, he 
outlined the duties of an engineer on the 
summer program at 
Company's Wichita Division. Students 
were assigned to different units and 
attended a lecture and a seminar once a 
week. Students also toured Boeing facili- 
ties 


Boeing Airplane 


Mr. Bonnell concluded by pointing out 
the kind of future and type of work an 
engineer might expect at Boeing 


ALVIN L. WiTTWER, Secretary 


University of Maryland 


Chairman Thomas Finch presided over 
the November 8 meeting which featured 
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canopy. seal regulator 


pylon tank regulator 


hi-pressure regulator 
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What’s special 
about these 


pneumatic controls? 


Janitrol aircraft pneumatic controls are spe- 
cial because each new control has a backlog 
of successful, service-proved designs behind 
it. Many designs incorporate multiple func- 
tions in an integrated package—actuation, 
pressure regulation, and air control. Invari- 
ably the “package” weighs less, takes up less 
room than separate controls. Choose from 
service proved designs or set your own re- 
quirements. 

Three of many different types in service: 
1. Canopy seal regulator actuates mechani- 
cally by canopy movement—maintains pres- 
sure in inflated seal, but releases instantly for 
emergency escape. Auxiliary port provided 
for other uses. 2. Pylon tank regulator with 
relief valve, maintains constant pressure for 
fuel transfer. 3. High pressure anti-icing 
valve, regulates jet engine bleed air pressure 
for use in anti-icing systems. 

Janitrol’s pneumatic controls are an out- 
growth of long engineering and manufactur- 
ing experience in aviation air handling and 
heat transfer equipment. 

Janitrol Aircraft-Automotive Division, 
Surface Combustion Corporation, Columbus 
16, Ohio . . . District Engineering Offices: 
Washington, D. C., Philadelphia, Columbus, 
Ft. Worth, Hollywood. 
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a talk by Dick Murphy, Project Engineer 
at the David Taylor Model Basin Subsonic 
Wind Tunnel. 

Mr. Murphy spoke on ‘‘Forced Circula- 
tion—Some Aspects of Boundary-Layer 
Control.” The purpose of boundary- 
layer control and several methods by 
which it may be accomplished were dis- 
cussed with the aid of slides. Audience 
discussion followed the talk. 


G. D. Wisser, Secretary 


University of Texas 


Some 150 students at the October 1 
meeting of the Branch heard guest speakers 
Robert C. McWherter, Project Leader on 
the High-Speed Wind Tunnel, and Mark 
H. Clarkson, Supervisor of Theoretical 


Aerodynamic Group of Chance Vought 
Aircraft, Incorporated. 

Dr. Clarkson and Mr. McWherter spoke 
on ‘‘The Opportunities and Challenges in 
Aeronautical Engineering.’’ Freshmen 
were welcomed, and a short film on car- 
rier-borne aircraft was shown. 

Officers elected at a business meeting on 
October 15 were Jack L. Reasoner, Chair- 


man; Dave R. Moore, Vice-Chairman; 
Bob Battey, Treasurer; Emory Dam- 
strom, Recording Secretary; and Jim 


Griffin, Corresponding Secretary. Com- 
mittees were appointed to plan a picnic 
and the annual dinner meeting, tentatively 
scheduled for December 7. 


JAcK L. REASONER, Chairman 
JAMES B. GRIFFIN 


Corresponding Secretary 


ELECTED 


The following applicants for membership or applicants for 
have been admitted since the publication of the list in the last issu 


Elected to Associate Fellow Grade 


Bortner, Robert L., Chief Engr., Ad- 
min., Republic Aviation Corp. 

Dabrowski, Jerzy, Dipl. Eng., Design 
Engr., The Cessna Aircraft Co 

Heithecker, Heinrich A., M.S., Super- 
visory Mech. Engr., Holloman Air De- 
velopment Center. 

Madden, Baxter C., Jr., M.S. in M.E., 
Head of Aero-Mech. Engrg. Div., Naval 
Air Missile Test Center (Point Mugu). 

Zalovcik, John A., M.E., Asst. Head, 
Gen. Aero. Branch, Flight Research Div., 
NACA (Langley Field). 


Transferred to Associate Fellow Grade 


Davis, Wallace F., M.S., Branch Chief, 
10 X 3 Ft. Supersonic Wind Tunnel, 
Ames Aero. Labs. NACA (Moffett Field). 

English, John M., Ph.D. in Engrg., 
Assoc. Prof. of Engrg., Univ. of California 
(Los Angeles). 

Gasich, Welko E., M.S. in Ae.E., 
Chief, Prelim. Design, Northrop Aircraft, 
Inc. 

Guttman, Karl H., M. of Ae.E., Special 
Asst. to Dir., Olin Matheson Chemical 
Corp. (Washington). 

Haneman, Vincent S., Jr., Ph.D., Capt., 
USAF; Asst. Prof. of Aero. Engrg., Air 
Force Institute of Technology (Wright- 
Patterson AFB). 

Hausmann, George F., B.S. in Ae.E., 
Asst. Chief Research Engr., Research 
Dept., United Aircraft Corp. 

Lowy, Mortimer J., B.S. in M.E., De- 
sign Specialist, Thermo-Struct. Problems, 
Douglas Aircraft Co., Inc. (Long Beach). 


Elected to MEMBER Grade 


Altman, Paul E., B.S., Struct. Engr., 
“A,” Douglas Aircraft Co., Inc. (Long 
Beach). 


change of previous grades 
f the Review 


Anderson, Alfred B. C., Ph.D., Engrg. 
Research Specialist, North American Avia- 
tion, Inc. (Los Angeles) 


Barton, Joe A., B.S. in E.E., Flight 


Safety Engr., Chance Vought Aircraft, 
Ine 
Behun, Michael, B. of M.E., Proj. 


Engr., Curtiss-Wright Div. (Clifton) 


Bent, Ralph D., Dir. of Training, Maint. 
and Aero. Engrs., Northrop Aeronautical 
Institute. 

Berger, Sidney, B.E., 
Applied Physics 
Univ. 


Engr., Sr. Staff, 
Lab., The Johns Hopkins 


Berliner, Samuel N., B.S., Mech. Engr., 
Raytheon Manufacturing Co. 

Blair, Calvin E., B.S. in Ae.E., Aerody 
namics Engr., Douglas Aircraft Co., Inc 
(Long Beach 

Casey, John J., B.S, 
ant, R. Dixon Speas. 

Churchwell, John H., B.S., Designer, 
Douglas Aircraft Co., Inc. (Tulsa). 


Engrg. Consult- 


Cook, Charles B., B.S. in Ae.E., Asst. 
Proj. Engr., Guided Missiles Div., Fair- 
child Engine and Airplane Corp. 

Crooks, Walter M., Jr., B.S., Instru- 
mentation Engr., Lockheed Aircraft Corp. 
(Burbank) 

David, Dan, B.S. in Ae.E., Design Engr., 
Aerojet-General Corp. 

Denn, Robert J., B. of Met. E., Engrg. 


Test Pilot, Pratt & Whitney Aircraft 
Div., United Aircraft Corp. (Edwards 
AFB) 

Earnhart, Clarence E., B.S. in C.E., 
Strength Engr., Douglas Aircraft Co., 


Inc. (Santa Monica) 


Elms, James C., B.S., Mgr., Fire Con- 
trol Engrg. Dept., Autonetics Div., North 
American Aviation, Inc. (Downey). 


-JANUARY, 


Favre, Albert E., B.S. in M.E., Chief 
Production Engr., Forging Div., Alu 
minum Co. of America (Cleveland) 

Finley, Oscar M., Field Service, Re 
pair, Pratt & Whitney Aircraft Div., 
United Aircraft Corp. (East Hartford) 

Flock, Thomas G., B.S. in M.E., Sr 
Engr., Systems Analysis, Aircraft Nuclear 
Propulsion Dept., General Electric Co 
(Cincinnati). 

Fredette, Raymond O., A.B., Asst. Dir., 
Cook Electric Co. (Chicago) 

Gerald, Todd, B.S., Sr. 
Chance Vought Aircraft, Inc. 

Gilmer, William N., M.S. in 
Engr., Propulsion Dept., 
Inc 

Gose, Robert O., M.S. in M.E., Western 
Rep., Rocket Fuels Div., Phillips Petro- 
leum Co. 

Grattidge, Albert W., Rep. at NACA 
(Cleveland), Rolls-Royce Co., Ltd. 

Gray, Aubrey K. J., Proj. Flight Test 
Analyst, Northrop Aircraft, Inc. 

Hartje, Walter P., B.S. in M.E., Sales 
Engr., Aluminum Co. of America (Seattle). 

Hayes, James E., M. in Ae.E., Sr 
Struct. Engr., Convair, Ft. Worth, A Div 
of General Dynamics Corp. 

Head, Albert L., M.S. in M.E., Engrg 
Specialist, Chance Vought Aircraft, Inc 

Hirsch, Robert L., B.S. in Chem. Engrg., 
Asst. Mgr., Washington Office, Aerojet- 
General Corp. 

Holland, Alfred C., B.Sc., Research 
Engr., Aeroelastic and Struct. Lab., 
Massachusetts Institute of Technology. 

Holmes, Robert T., B.S., Liaison Engr., 
Chance Vought Aircraft, Inc. 

Izzo, Daniel S., B. of Ae.E., Design 
Specialist, Douglas Aircraft Co., Ine. 
(Santa Monica). 

Kandiko, Joseph C., Jr., Specialist, 
Product Planning, General Electric Co. 
(Cincinnati). 

Kelly, Roland P., B.S. in C.E., Proj. 
Engr., The Ralph M. Parsons Co 

Kikuhara, Shizuo, B. of E., Chief De- 
signer, Shin Meiwa Industry Co., Ltd 
kyo ). 

Latham, Albert J., Ph.D., Engrg. Spe- 
cialist, Chance Vought Aircraft, Inc. 

MacDonald, Bruce, B.S. in M.E., Mili- 
tary Relations Rep., Radioplane Co 


Designer, 


M.E., 
Experiment, 


MacLeod, Richard G., B. of Ae.E., 
Flight Test Engr., Grumman Aircraft 
Engineering Corp. 

Mazina, Michael, M.S. in M.E., Engr., 


Air Arm  Div., 
Corp. (Baltimore). 


Westinghouse Electric 
Meyers, Norman, B.M.E., Proj. Engr., 
Stratos Div., Fairchild Aircraft and En- 
gine Corp. (Bay Shore). 
Miller, Kenneth M., Mer 
Products, LearCal Div., Lear, Inc 
Miller, Paul D., B.S., 


Summers Gyroscope Co 


Special 


Product Engr., 


Modrall, William K., B.S. of M.E,, 
Lead Engr., Chance Vought Aircraft, 
Inc. 


Moncher, Frank L., M.S. in M.E., 
Chief Engr., Airborne Products, Vickers, 
Inc. 
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oe -T-inch Waldes Truare retaining rings cut costs, 
assembly-disassembly of 2-high/4-high mill 


New Model TA-625 2-high/4-high combination 


Lik rolling mill designed by Stanat Manufacturing 
Co., Long Island City, N. Y., reduces 242” ingot 
a fn to precision-rolled strip as thin as .001”. 
nt, Waldes Truarc retaining rings help make 
possible a complete change of work rolls in 
an 20 minutes...solve difficult problems of accu- 
- \ racy control by achieving positive location of 
bearings to extremely close tolerances. Rings 
eliminate costly parts and machining, save 
est space, reduce maintenance. 
iles 
le). 
Sr 
div 
Brg 
yyet- 
irch 
ab., 
ir, In the assembly illustrated above, 7’ Waldes Truare (Series 
5000) retaining rings—three on each roller—are used to posi- 
sign tion heavy-duty needle bearings in the bearing housing. Assembly is simple, even with giant 7” diameter Truarc ring. 
Inc. Smaller rings position bearings in other roller assemblies and Special Truarc ratchet pliers grasp the ring securely, ease it 
retain the shaft of a dual handwheel screwdown. All in all, into the groove, snap it securely into position. Smaller pliers 
list, § 18 Waldes Truarc rings are used in the mill. They replace and various high-speed assembly jigs are available for other 
Co. § machined shoulders, spacers and lock nuts...eliminate costly rings, permit assembly-disassembly to be performed rapidly 
E threading, other machining operations. even by unskilled labor. 
Proj. 
| De- 
Ltd. fe Whatever you make, there’s a Waldes Truarc Retaining ent sizes within a type...5 metal specifications and 14 different 
f Ring designed to improve your product... to save you material, finishes. Truarc rings are available from 90 stocking points 
Spe- machining and labor costs. Quick and easy to assemble and throughout the U.S.A. and Canada. 
aes disassemble, they do a better job of holding parts together. More than 30 engineering-minded factory representatives 
Mili- Truarc rings are precision-engineered and precision-made, qual- and 700 field men are available to you on call. Send us your 
! ity controlled from raw material to finished ring. blueprints today...let our Truarc engineers help you solve de- 
— 36 functionally different types...as many as 97 differ- sign, assembly and production problems... without obligation. 
ane : For precision internal grooving and undercutting...Waldes Truarc Grooving Tool! 
éngr., 
WALDES Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
Engr., | Please send the new supplement No. 1 which = | 
d En- | brings Truarc Catalog RR 9-52 up to date. | 
| (Please print) | 
Engr., | | | 
ME, | En RETAINING RINGS Business Address 
© 1956 Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.Y. | 
En zl WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2, 509,081; 
2, 544, 631; 2,546, 616; 2, 547, 263; 2,558, 704; 23 574, 034; 2, 577, 319; 2, 595, ‘787, and other U. S. Patents pending. Equal patent protection established in foreign countries, 


| 
| 
| 
| 
| 
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AT THE VERY DAWN of the jet transport age, Lear automatic flight 
controls are already in the air guiding Air France’s Caravelle jet 
transports on route indoctrination air freight runs. And when 
the Caravelle enters regularly scheduled passenger service next 
year, an all-transistorized airliner autopilot, the Lear L-17, will 
be at the controls. This will be the first all-transistorized autopilot 
in airline use. 


And for the United States Air Force, a Lear L-10 autopilot in the 
Boeing KC-135 jet transport tanker will provide the rock-steady 
sureness of flight required for the most exacting of all aerial 
maneuvers: air-to-air refueling of a bomber at jet speeds. In 
automatic flight controls for the new military and airline jets, 
Lear is again first in concept, first in production...to meet tomor- 
row’s precision needs of aviation today.  cearinc.,ceano RAPIDS, MICHIGAN 
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first to get off the ground in jet transports- 


LEAR TRANSISTORIZED AUTOPILOTS: 
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Parker, 
USN; 
NAS). 

Plage, William R., B.S. in Ae.E., 
Engr., Lockheed Aircraft Corp. 
etta ). 

Purdy, William G., B.S. in C.E., 
Engr., The Glenn L. Martin Co. 
ver). 

Reed, George W., Jr., B.S., Advanced 
Study Engr., Missile Syst stems Div., 
Lockheed Aircraft Corp. (Van Nuys). 

Retallick, Francis D., B.S., Supvr., 
Engine Performance, Westinghouse Elec- 
tric Corp. (Kansas City). 

Rogers, Clarence A., Jr., B.S., 
Engr., Chance Vought Aircraft, Inc. 

Somerville, Walter D., B.S. in C.E., 
Proj. Pilot, Air Arm Div., Westinghouse 
Electric Corp. (Baltimore). 

Viscovich, Steven J., Design Specialist, 
Douglas Aircraft Co., Inc. (Santa Mon- 
ica). 

Warren, John E., B.S., Chief Engr., 
Automation Research and Design Associ- 
ates. 

Wengen, George E., B.S. in 
Mgr., Production Engr., 
Co. (Lynn). 

Wentling, Lee G., Jr., B.A. in Math., 
Group Engr., Aircraft Armaments, Inc. 

West, Wilbur W., Sc.B., Sales Engr., 
General Electric Co. (Waynesboro). 

Whitehead, Harold S., B.S. in EE., 
Mgr., Aircraft Navigation 
Design Engrg., General 
(Lynn). 


James F., M.S., Comdr., 
Aircraft Maint. Officer (Sanford 


Group 
(Mari- 


Chief 
(Den- 


Design 


M.E., 
General Electric 


Instrument 
Electric Co. 


Transferred to MEMBER Grade 
Anderson, Paul H., 


Aerodynamicist, North 
tion, Inc. (Los Angeles). 


M.S. in Ae.E., 
American Avia- 


Connor, Donald S., B.S. in M.E., Proj. 
Engr., Auto Flight Controls, Lear, Inc. 

Ellis, Charles W., III, M.S. in Ac.E., 
Chief, Aerodynamics, Kaman Aircraft 
Corp. 

Gelder, Thomas F., B.S., Aero. Re- 
search Scientist, NACA (Cleveland-Hop- 
kins Airport). 

Kindler, Ralph A., B.S., Proj. Struct. 
Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp. 

Kitchenside, Albert W., B.Sc., Sect. 
Leader, Guided Weapons Proj. Assess- 
ment Sect., Vickers-Armstrong Aircraft 
(Surrey). 

Klecker, Mathew J., 
Engr., North American 
(Downey). 

Knuth, Eldon L., 
search Engr., Univ. 
Angeles). 

Martin, Reese S., B.S. in Ae.E., Capt., 
USAF; Experimental Test Pilot (Ed- 
wards AFB). 

McCaffrey, Ronald W., M. 
Sr. Research Engr., 
Corp. 

Norheim, Torleif, B.S. in Ae.E., Engr., 
Braathens South American and Far East 
Airtransport (Norway). 


Aerodynamics 
Aviation, Ince. 


Ph.D., Assoc. Re- 
of California (Los 


of Ae.E., 
Republic Aviation 


IAS NEWS 


Shuford, Charles B., M.S. in 
Member, Tech. Staff, The 
dridge Corp. 

Stilley, George D., M.S. in Ae.E.,| 
Research Engr., Minneapolis-Honeywell | 
Regulator Co. | 


Ae.E., 
Ramo-Wool- 


Trimpi, Robert L., B.S. in M.E., Head, | 
Supersonic Aerodynamics Sect., NACA | 
(Langley Field). 

Venkataraman, A. S., Aero. Engr., | 


Hindustan Aircraft, Ltd. (India). 

Vrablik, George R., B. of Ae.E., Re-| 
search Engr., Allied Research Associates, 
Ine. 


Elected to Associate Member Grade’ 


Maieli, Joseph R., Patent Coordinator, | 
Stratos Div., Fairchild Engine and Air- | 
craft Corp. (Bi iy Shore). | 

Weiss, Gus, Jr., B.A., Research Asst. ‘| 
Aeronautical Research Foundation. 


Elected to Technical Member Conde: 


Callahan, John S., Assoc. Engr., Con- 
vair, San Diego, A Div. of General Dy-| 
namics Corp. | 

Casper, Donald R., B.S., Design Engr., | 
Aerodynamics, McDonnell Aircraft Corp. | 

Chmura, Joseph H., Jr., Design Engr., | 
The Glenn L. Martin Co. 

Cowan, Horatio C., Jr., B.S., Production | 
Engr., Missile Turbo Pump, General | 
Electric Co. (Lynn). 

Creighton, William J., Jr., B.S., Devel. | 
Engr., AiResearch Co. 

Feistel, Terrell W., M.S. in Ae.E., Aero- 
dynamicist ‘‘A,”’ Cactteeel Aircraft Corp. | 
(Burbank). 

Flickinger, Merle T., B.S. in M.E.,| 
Physical Test Engr., McDonnell Aircraft | 
Corp. 

Harris, James B., Lead Engr., Weights, 
Temco Aircraft Corp. (Grand Prairie). 

Holmes, Lloyd H., Sr. Test 
Chance Vought Aircraft, Inc. 

Hozaki, Shigemi, B.S., Aerodynamicist, 
Propulsion Research Corp. 

Krebs, Miller, M., Jr., Design Checker, 
Allison Div., General Motors Corp. 
(Indianapolis). 

Laven, Brian M., Sr. 
Marshall's Flying 
bridge). 

Lloyd, John T., M.S., 
est 
bank). 

Rabin, Arthur L., B. of E.E., 
Engr., Republic Aviation Corp. 

Rebman, Jack A., BS 
Engr., Turbomotor Div., 
Corp. 

Repp, Glenn A., B.S. in M.E., Test 
Engr., Rocketdyne, Div. of North Ameri- 
can Aviation, Inc. (Canoga Park). 

Schonholtz, Donald F., B. of M.E., 
Struct. Engr., Convair, San Diego, A Div. 
of General Dynamics Corp. 

Stauffer, Thomas R., Sc.B., 
cist, McDonnell Aircraft Corp. 

Strotjost, William W., Sr. 
McDonnell Aircraft Corp. 

Tunstall, Edgar V., B.S. in C.E., Stress 
Engr., McDonnell Aircraft Corp. 


Engr., 


Acrodynamicist, 
School, Ltd. (Cam- 


Thermodynami- 
Lockheed Aircraft Corp. (Bur- 


Electrical 
(Mineola). 


.. Analytical 
Curtiss-Wright 


Dynami- 


Planner, 
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Engineers: 
your ideas 
get off the ground 
at Lear 


If you’re the kind of engineer who 
wants more than the chance to think 
of ideas—who wants the chance to see 
them applied and rewarded—you’ll like 
it at Lear. There are openings waiting 
right now on the most advanced proj- 
ects in aviation. For details write to 
Don Cook, Dept. E-14, 3171 South 
Bundy Drive, Santa Monica Calif. 
Openings available in Grand Rapids, 
Michigan; Elyria, Ohio; Santa Mon- 
ica, California. 


Aerodynamics 
Aeronautical design 
Aircraft electrical systems 
Automatic flight controls 
Computers 
Communications (aircraft) 
Electro-mechanics 
Electronic packaging 
Flight reference systems 
Flight instrumentation 
Fractional H.P. motors 
Gyroscopes 

Hydraulic systems 
Magnetic amplifiers 
Missile controls 
Navigation systems (aircraft) 
Process engineering 
Pumps (aircraft and industrial) 
Radar 

Servo mechanisms 
Systems analysis 

Test equipment design 
Transistorized circuitry 


LEAR 
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AC's new 
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system... 
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‘AC HAS COME UP WITH A BUILT-IN “ONE- E 

TRACK MIND’? FOR GUIDED MISSILES | 

With one of the most significant advances yet made in the field of | 0 
guidance, AC adds a vital new brain to America’s arsenal of defense. 

The ACHIEVER—a new type of inertial guidance system D 

—brings fantastic accuracy, ruggedness and dependability to ' 

Air Force ballistic missiles. re 
Heart of the system is a remarkable gyro stabilized platform of such 

stability that the slightest variation in windage or missile velocity P 

can instantly be sensed and precise corrections made. p 

This great new development is one phase of AC’s work as a prime T 

contractor for the Air Force Ballistic Missile Program. It is one 
St 


more example of AC's leadership in the field of electro-mechanical 


research and development. 


THE ELECTRONICS DIVISION OF GENERAL MOTORS 


FLINT, MICHIGAN e MILWAUKEE, WISCONSIN 
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FORS 


Wancowicz, Robert F., Asst. 
Air Arm Div., Westinghouse 
Corp. (Baltimore). 

Yalipsos, Chriss C., Designer, Pastushin 
Aviation Corp. 

Zeiberg, Seymour L., B. of M.E., Lec- 
turer, Mech. Engrg. Dept., School of 
Technology, College of the City of New 
York 

Zettek, James J., B.S. in Ae.E., Design 
Engr., All States Design and Develop- 
ment. 


Engr., 
Electric 


Transferred to Technical Member 
Grade 


Anderson, Loren, B.S., Graduate Stu- 
dent, Univ. of Michigan. 

Augustyniewicz, Stanley W., Jr., B.S. 
in Ae.E., Asst. Engr., Marquardt Aircraft 
Co. 

Beamish, Jerry K., Aerodynamics Engr., 
Convair, Ft. Worth, A Div. of General 
Dynamics Corp. 

Bird, Loren R., B.E., Ens., USN; Asst. 
Ordnance Officer (Long Beach). 

Brinkerhoff, Richard C., B.S. in Ae.E., 
Student Engr., Chrysler Corp. (Detroit). 

Clark, William B., B.S. in Ae.E., Vibra- 
tion and Flutter Engr., Grumman Air- 
craft Engineering Corp. 

Cooper, Carleton R., B.S. in Ae.E., Lt., 
USN; Student Aero. Engr. and Naval 
Aviator. 

Crettol, R. Marvin, Jr., B.S. in Ac.E., 
Asst. Engr., Douglas Aircraft Co., Inc. 
(El Segundo). 

Culp, Donald W., B.S. in Ae.E., Design 
Engr., North American Aviation, Inc 
(Columbus). 

De Gennaro, Raymond, B.S. in M.F., 
Research Engr., Republic Aviation Corp. 

Demerest, Peter E., B.S., Research 
Engr., Tramee, United Aircraft Corp 

Detwiler, Jerry F., B.E., Prelim. De- 
sign Engr., AiResearch Manufacturing 
Co 

Dove, William F., B.S., Progress Officer, 
Ordnance Equip., USN (Washington). 

Evans, Robert, Customer Service Rep., 
Douglas Aircraft Co., Inc. (El Segundo). 

Figueras, Richard, B.S. in Ae.E., Aero- 
dynamicist, Missiles, McDonnell Aircraft 
Corp 

Foster, Robert A., B.S., Lt., 
Proj. Engr. (Patrick AFB). 

Garland, Neil R., B.S. in Ae.E., Capt.; 
Pilot, Student, USAF Experimental Flight 
Test Pilot School (Denver). 

Geer, Jon R., B.S. in Ae.E., Lt., USN; 
Student Aero. Engr. (Univ. of Minne- 


sota ) 


Gibson, Paul A., B. of E.,* Research 


USAF; 


IAS NEWS 


Engr. ‘“‘A,”’ Douglas Aircraft Co., Ine. 
(Long Beach). 

Goodwin, Garland O., Assoc. Engr., 
Convair, San Diego, A Div. of General 
Dynamics Corp. 

Guzek, John C., B.S., Engr., Nuclear 
Div., Curtiss-Wright Corp. 

Handwerk, Roy R., Assoc. Engr., The 
Glenn L. Martin Co. 
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EW another example of the versatility 


of the nation’s leading producer of 
motors and actuators for jet air- 


EEMCO MOTOR 


for new missile 


SPECIFICATIONS FOR TYPE D-855 
Type: DC motor with integral 
gear reduction 

Terminal voltage : 24 
Horsepower: 4.8 at 200 amps 
Output RPM: 2600 minimum 

Duty Cycle: 10 min. on, 30 min. off 


Ambient temperature range: 
—65°F. to 250°F. 


Minimum starting torque: 
300% of running torque 


Mounting pad: AND 20001 

Cooling : Fan cooled with open 

EEMCO TYPE D-855, a DC motor with integral gear reduction, was thru ventilation 
designed for use in missiles of the latest concept. Like all EEMCO 
motors, as well as EEMCO’s rotary and linear actuators, it packs 
maximum performance into minimum dimensions and weight. With 
a terminal voltage of 24, Type D-855 produces 4.8 HP at 200 am- 


peres with a minimum RPM output of 2600. Duty cycle is 10 minutes Flectrical Engineering 
on and 30 minutes off, with minimum starting torque at 300% of 
running torque. Ambient temperature range is —65° to 250° Fahren- and Manufacturing Corp 


heit. Type D-855 is fan cooled with open thru ventilation. 
‘ 4612 West Jefferson Boulevard 
+ EEMCO has had many years experience in the exclusive design and Los Angeles 16, California 


manufacture of airborne motors and actuators. As a result, EEMCO Telephone REpublic 3-0151 

is thoroughly skilled and equipped to produce these vital components 

that must operate unfailingly under the extreme environmental con- 

ditions encountered in today’s supersonic aircraft and missiles. Thus 

EEMCO’s extensive specialization in this field is playing an important 

part in the reliability of the most modern air weapons now being Designers and Producers of Motors, 


produced for the nation’s defense. Linear and Rotary Actuators . . . Exclusively! 


3-545 


Weight: 1734 pounds 
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books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
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issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 

The AERONAUTICAL ENGINEERING IN- 
DEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 
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i members, both Individual and 
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reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


pounds 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
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From MOOG... Advanced Electro-Hydraulic 


Servo Components 


Moog is the industry’s leading producer of 
electro-hydraulic servo valves. This leadership 
has been achieved by advanced valve design 
resulting in high performance, high quality, reli- 
ability and efficient manufacture. The same 
creative approach applied to industry’s newer 


SERVO VALVE 


DUAL INPUT SERVO VALVE 


problems has resulted in the introduction of 
Moog Dual Input and Servo Actuator units. 

These recent achievements in the creation of 
advanced custom designed electro-hydraulic 
servo components are evidence of Moog’s con- 
tinuing progress. 


SERVO ACTUATOR UNIT 


@ These proportional “dry 
motor” electro-hydraulic servo 
valves feature high dynamic 
response, sensitivity, linearity 
and reliability. Light-weight 
and compact, they are also 
available in custom designed 
versions for special or ad- 
vanced applications. 


@ This new component 
provides for positioning 
of aircraft control surfaces 
by summing mechanical 
and electrical inputs with- 
out external use of me- 
chanical linkages. Use of 
an entirely new concept 
offers improved perform- 
ance, system simplifica- 
tion and saving of space 
and weight. 


TO THE ENGINEER IN A “HURRY" 


Axiomatically, to get somewhere in a hurry, you get aboard 
something that moves pretty fast. 

If your “somewhere” is a career in engineering, consider Moog. 
From three founders to five hundred employees within five years, 
we are today the industry’s leading manufacturer of advanced 
electro-hydraulic servo components. Our engineers made this 
possible by continuous pioneering of the new and _ successful 
developments in the field. As our rapid expansion continues, we 
have many openings at all levels for qualified personnel. 

Best time to get aboard is now. 


MOOG VALVE CO., INC. 


Custom designed integrated 
assemblies include actuating 
cylinder, electro-hydraulic 
servo valve and 
feedback sens- 
ing device. In 
a closed loop, 
actuator dis- 
placement is a 
function of in- 
put signal. 


PRONER AIRPORT, EAST AURORA, NEW YORK 
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Gear teeth get in line when he takes a hand 


R. L. Thoen, right, explains foulty tooth conformation on a minute gear which has been 
enlarged 100 times in this king-sized projector. Gear specialist on the engineering staff 
of the Mechanical Division of General Mills and author of numerous technical papers, 
Thoen makes gear trains perform with uncanny accuracy. He helps design and build the 
special machines which make such accuracy routine work at the highly specialized plant. 


Next to its men, General Mills is most 
proud of its machines. For it is this 
combination that mass produces gear 
trains with nearly imperceptible back- 
lash, total cumulative error of 0.0002 
inch, angular tolerances within 40 sec- 
onds of arc, positioning accuracy within 
0.01 percent. 

This typical General Mills precision 
production is possible only because men 
like Thoen have improved standard 
tools, created special machines, devised 
ingenious attachments. Some equip- 
ment is operated under strict tempera- 


ture-humidity control. All is backed 
with the finest inspection devices. You 
can use these machines and the men 
that created and operate them to pro- 
duce your precision products. You’ll 
profit. A simple request brings more 


Booklet Tells More—Send Today 


Learn how our men and ma- 
chines eliminate irksome pro- 
duction problems. Write Dept. 
AR1, Mechanical Division of 
General Mills, 1620 Central Ave. 
N_E., Minneapolis 13, Minn. 


General Mills Pioneers Scientific 
Frontiers One of General Mills’ nu- 
merous research projects involves 
the behavior of metals in space flight. 
Here a scientist determines the 
“sputtering” or disintegration rate 
of molybdenum at 200 miles above 
the earth. The metal is under fire 
from atoms moving at 25,000 m.p.h. 


MECHANICAL DIVISION OF General Mills 


CREATIVE RESEARCH AND DEVELOPMENT + PRECISION ENGINEERING AND PRODUCTION 
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Laboratory, Reports 

CIT Jet Propulsion Lab. Prog. Rep. 
Institute of Technology, Jet 
Laboratory, Progress Reports 

CIT Mech. Eng. Lab. Rep. California Institute 
of Technology, Mechanical Engineering 
Laboratory, Reports 

CIT Paper; Rep. California Institute of Tech- 
nology, Papers; Reports 

CIT So. Calif. CWT Rep. California Institute of 
Technology, Southern California Cooperative 
Wind Tunnel Reports 

Coll. of Aeronautics, Cranfield, Note; Rep. 
College of Aeronautics, Cranfield, England, 
Notes; Reports 

Columbia U. Inst. Air Flight Struc. AF TN. 
Columbia University, Institute of Air Flight 
Structures, Air Force Technical Notes 

Cornell Aero. Lab. FRM; Rep.; Transl. Cornell 
Aeronautical Laboratory, Inc., Flight Research 
Memorandum; Reports; Translations 

DFL Berichte. Deutsche Forschungsanstalt fiir 
Luftfahrt, Berichte 

Douglas Rep. Douglas Aircraft Company, Inc., 
Reports 

DVL e.V., Flugtech. Fachgruppen Arbeitsgem., 
Ing. Ausbuild. Abteil., Mitteil.; Tech. Berichte. 
Deutsche Versuchsanstalt fiir Luftfahrt, Flug- 
technische Fachgruppen und Arbeitsgemein- 


National 
Speed 


California 
Propulsion 


schaften, Ingenieur Ausbildung Abteilung 
(Berlin-Adlershof), Mitteilungen; Technische 
Berichte 


ETH Inst. fiir Aerodynamik Mitteilungen. 
Eidgenéssische Technische Hochschule, Institut 
fiir Aerodynamik (Zurich), Mitteilungen 

FIAT Dept. Flight Testing, Paper. FIAT, 
Department of Flight Testing, Papers (Italy) 

Flight Safety Fn. Mech. Bul.; Papers. Flight 
Safety Foundation, Inc., Mechanics Bulletin; 
Papers 

France, Min. de l’Air BST; NT; PST. France, 
Ministére de l’Air, Bulletin des Services Tech- 
niques; Notes Techniques; Publications Sci- 
entifiques et Techniques 

France, ONERA Pubs. France, Office National 
d'Etudes et de Recherches Aéronautiques 
Publications 

Franklin Inst. Labs. TR. Franklin Institute 
Laboratories for Research and Development, 
Technical Reports 
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a On the new F-27...a complete pneumatic system! 
lsion 
itute 
Designed and built by Kidde engineers to Fairchild’s exacting 
" specifications, the Kidde pneumatic system saves approxi- 
ae mately 100 pounds, is faster operating, is easier to maintain, 
- and requires no flammable liquids. 
ep. 
— Matching the smoothness of her Rolls-Royce prop jet engines, 
Bo pneumatic power for the F-27 is furnished by two engine gear 
, box driven Kidde 2 cfm air compressors. The air stored at 
earch 3300 psi is used for operation of nose wheel steering, wheel 
t far brakes and anti-skid system, landing gear, up locks, pro- 
mt peller brakes, tail bumper and emergency systems. 
es Design responsibility for the F-27 pneumatic system rests 
—woe with Walter Kidde & Company, who can furnish complete 
os cas : pneumatic systems on an off-the-shelf basis, as well as the 
off-the-shelf item — Kidde 2 c : 
— off-the-s self Kidde 2 cfm engineering talent to develop and produce special equipment 
-driven compressor package including E : 
agen. moisture separator, relief valve, pressure on request. Get the answers to your pneumatics problems now 
switch and inlet pressure regulating device. ... by writing Kidde today. 
ly) 
‘light 
letin; 
The words ‘Kidde’, ‘Lux’, 
e 220 trademarks of 111 Main St., Belleville 9, N. J. 
Sci- alter Kidge ompany, Inc. 
—_ < & and its associated companies. Waiter Kidde & Company of Canada Ltd., Montreal 
ional 
ques 
titute 


ment 


District Sales-Engineering Offices: Washington, D. C.; Dayton, Ohio; Dallas, Tex.; 
Seattle, Wash.; St. Louis, Mo.; Van Nuys, Calif.; Montreal, Canada; Belleville, N. J. 


90 AERONAUTICAL ENGINEERING REVIEW 


GALCIT Memo.;TR. Guggenheim Aeronautical 
Laboratory, California Institute of Technology, 
Pasadena, Calif., Memorandums; ‘Technical 
Reports 

Garbell Res. Foundation, Aero. Ser. Garbell 
Research Foundation, Aeronautical Series 

Gt. Brit., AAEE Rep. Great Britain, Aeroplane 
and Armament Experimental Establishment, 
Boscombe Down, Reports 

Gt. Brit., AERE Rep. Great Britain, Atomic 
Energy Research Establishment, Reports 

Gt. Brit., ARC CP. Great Britain, Aeronautical 
Research Council, Current Papers 

Gt. Brit., ARC R&M. Great Britain, Aero- 
nautical Research Council, Reports & Memo- 
randums 

Gt. Brit., DSIR FPR Bul. Great Britain, De- 
partment of Scientific & Industrial Research, 
Forest Products Research Bulletin 

Gt. Brit., MAEE Rep. Great Britain, Marine 
Aircraft Experimental Establishment, Reports 

Gt. Brit., Meteorological Off. Prof. Notes & Reps. 
Great Britain, Meteorological Office, Pro- 
fessional Notes and Reports 

Gt. Brit., Min. Transp. & Civil Av. Rep. Great 
Britain, Ministry of Transport and Civil 
Aviation, Reports 

Gt. Brit., MOS CDEE P. Transl. Great Britain 
Ministry of Supply, Chemical Defense Experi 
mental Establishment, Porton Translations 

Gt. Brit., MOS GDC TIB Rep. & Transl. Great 
Britain, Ministry of Supply, Government 
Defense Council, Technical Information Bu- 
reau, Reports and Translations 

Gt. Brit., MOS TIB S&T Memo. Great Britain 
Ministry of Supply, Technical Information 
Bureau, Scientific and Technical Memorandums 

Gt. Brit., NGTE Rep. Great Britain, National 
Gas Turbine Establishment, Reports 

Gt. Brit., NPL Aerodynamics Div. Rep. Great 
Britain, National Physical Laboratory, Aero- 
dynamics Division, Reports 

Gt. Brit. RAE FPRC Rep. Great Britain, Royal 
Aircraft Establishment, Flying Personnel 
Research Committee, Reports 

Gt. Brit., RAE Rep. Great Britain, Royal Air 
craft Establishment, Reports 

Gt. Brit. RAE RPD Rep. Great Britain, Royal 


Aircraft Establishment, Rocket Propulsion 
Department, Reports 
Gt. Brit., RAE TN Aero.; TN Struc. Great 


Britain, Royal Aircraft Establishment, Tech 
nical Notes (Aeronautical; Structures) 

Harvard U. BHMO MR Studies; Rep. Harvard 
University, Blue Hill Meteorological Observa 
tory, Meteorological Radar Studies; Reports 

IAS Preprints; Papers. Institute of the Aero- 
nautical Sciences, Inc., Preprints; Papers 

Inst. Méc. Fluides, Lille. Institut de Mécanique 
des Fluides de Lille (France) 

Iowa Eng. Exp. Sta. Eng. Rep. lowa Engineering 
Experiment Station, lowa State College, Ames 
Iowa, Engineering Report 

Ireland, Meteorological Serv., Geophys. Pubs. 
Ireland, Meteorological Service, Geophysical 
Publications 

La. State U. Eng. Exp. Sta. Bul. Louisiana State 
University, Engineering Experiment Station, 
Bulletin 

Lockheed Aircraft Rep. 
Corporation, Reports 

Max-Planck-Inst. fiir Strémungsforschung, Mit- 
teil. Max-Planck-Institut fiir Strémungs 
forschung, Mitteilungen (Géttingen) 

Miss. State U. Eng. Res. Sta. Res. Rep. Missis- 
sippi State University, Engineering Research 
Station, Research Reports 

MIT Hydrodynamics Lab. TR. 
Institute of Technology, 
Laboratory, Technical Reports 

MIT ASRL TR. Massachusetts Institute of 
Technology, Aeroelastic and Structures Re 
search Laboratory, Technical Reports 

N.C. State Coll. Eng. Sch. Bul. North Carolina 
State College, Engineering School Bulletin 

N.C. State Coll. Inst. Statistics, Rep. North 
Carolina State College, Institute of Statistics, 
Reports 

Netherlands, Math. Centrum, Rep. Nether- 
lands, Mathematisch Centrum (Amsterdam), 
Reports 


Lockheed Aircraft 


Massachusetts 
Hydrodynamics 


Netherlands, NLL Rep. (Rep. & Trans.) Nether- 
lands, Nationaal Luchtvaartlaboratorium 
(National Aeronautical Research Institute), 
Amsterdam, Reports (Reports and Transac 
tions) 

NFPA Bul.; Papers; Rep. National Fire Protec 
tion Association, Bulletins; Papers; Reports 

NFPA Comm. Av. & Airport Fire Protection Bul. ; 
Rep. National Fire Protection Association 
Committee on Aviation and Airport Fire 
Protection, Bulletins; Reports 

North Amer. Av. Spec. Res. Rep. North 
American Aviat Corporation, Special Re 
search Report 

Northrop Rep. throp Aircraft, Inc., Reports 

NSF Papers; Rep. National Science Founda 
tion, Papers; Reports 

O. State U. Eng 
State Univer 
Station, New 

Ore. State Coll. Eng. Exp. Sta. Bul. 
State College, Eng 
Bulletin 

Penn. State U. Dept. Aero. Eng. TR. The Penn 
sylvania State University Department of 
Aeronautical Engineering, Technical Reports 

Polytech. Inst. Bklyn. Dept. Aero. Eng. & Appl. 
Mech. Polytechnic Institute of Brooklyn, 
Department of Aeronautical Engineering and 
Applied Mechanic 

Princeton U. Dept. Aero. Eng. Rep. Princeton 
University, Department of Aeronautical Engi 
neering, Report 

RAND Corp. Trans! 
Translations 

Rensselaer Polytech. Inst. Dept. Aero. Eng. TR. 
Rensselaer Polytechnic Institute, Department 
of Aeronautical Engineering, Technical Reports 

Roma U. Sch. Aero. Eng. Inst. Aero. Construc. 
Rome University, School of Aeronautical Engi 
neering, Institute of Aeronautical Construction 

SAE Preprints. 
neers, Preprint 

Stockholm, KTH AERO TN. 
liga Tekniska Hégskolan, 
Flygteknik, Technical Notes 

Stockholm, KTH IBS Medd. Stockholm, Kung 
liga Tekniska Hégskolan, Institutionen fér 
Byggnadsstatik, Meddelanden 

Sverdrup & Parcel Transl. Rep. 
Parcel, Inc., Translation Reports 

Sweden, Flygtekniska Fdérséksanstalten, FFA 
Medd. (The Aeronautical Research Institute 
of Sweden, Reports) 

Tech. U. Berlin-Charlottenburg, Hermann Fot- 
tinger-Inst. Strémungstech. TN. Technische 
Universitat Berlin-Charlottenburg, Hermann 
Féttinger-Institut fiir Stromungstechnik, Tech- 
nical Notes 

U. Ark. Engr. Exp. Sta. Bul. 
Arkansas, Engineering 
Bulletin 

U. Calif. Pubs. in Eng. University of California 
Publications in Engineering 

U. Ill. Bul. University of Illinois, Bulletins 

U. Ill. Eng. Exp. Sta. Bul.; TR. University of 
Illinois, Engineering Experiment Station, 
Bulletins; Technical Reports 

U. Md. Inst. Fluid Dynamics & Appl. Math., 
Lecture Ser. University of Maryland, Insti 
tute for Fluid Dynamics and Applied Mathe 
matics, Lecture Series 

U. Mich. Eng. Res. Inst. Rep. 
Michigan, Engineering 
Reports 

U. Mich. Icing Res. Cen. Rep.; Transl. Uni 
versity of Michigan, Icing Research Center, 
Reports; Translations 

U. Minn. Inst. Tech. Dept. Aero. Eng., Res. Rep. 
University of Minnesota, Institute of Tech 
nology, Department of Aeronautica! Engineer 
ing, Research Reports 

U. Nac. Eva Peron, Fac. Ciencias Fisicomat., 
Pubs. Universidad Nacional Eva _ Peron 
Publicaciones de la Facultad de Ciencias 
Fisicomatematica 

U. Tenn. Dept. Civ. Eng. Rep. 
Tennessee 
Reports 

U. Toronto Inst. Aerophys. Rev.; Rep. Uni 
versity of Toronto, Institute of Aerophysics, 
Review; Report 

U. Wash. Eng. Exp. Sta. Bul.; Reprints. Uni 
versity of Washington, Engineering Experiment 
Station, Bulletins; Reprints 


Exp. Sta. News. The Ohio 
Engineering Experiment 


Oregon 
neering Experiment Station 


The RAND Corporation 


Society of Automotive Engi 


Stockholm, Kung 
Institutionen 


Sverdrup & 


University of 
Experiment Station 


University of 
Research Institute 


University of 
Department of Civil Engineering 


JANUARY, 


19 S7 


U. Wis. NRL Dept. Chem. Rep. 


University of 
Wisconsin, Naval Research Laboratory, De. 
partment of Chemistry, Reports 


U.S. AEC Rep. United States Atomic Energy 
Commission, Reports 

U.S. Army Bal. Res. Lab. Rep. United States 
Army Ballistic Research Laboratories, Reports 

U.S., Bur. Mines Bul.; Rep. Invest. United 
States, Bureau of Mines, Bulletin; Report of 
Investigations 

U.S., CAA AEE Rep. United States, Civil Aero 
nautics Administration, Airframe and Equip 
ment Engineering Reports 

U.S., CAA AOD Papers; Rep. United States 
Civil Aeronautics Administration, Airways 
Operations Division, Papers; Reports 

U.S., CAA TDR. United States, Civil Aero 
nautics Administration, Technical Develop 
ment Reports 

U.S., Forest Prod. Lab. Rep. United States 
Forest Products Laboratory, Madison, Wis 
Reports 

U.S., NACA Rep.; RM; TM; TN. United 
States, National Advisory Committee for 
Aeronautics, Report; Research Memorandum; 
Technical Memorandum; Technical Notes 

U.S., NADC Rep. United States 
Development Center, Reports 

U.S., NAES Rep. United States 
Experiment Station, Reports 

U.S., Nav. Sch. Av. Med., Pensacola, Fla., 
Project Rep. United States, Naval School of 
Aviation Medicine, Naval Air Station, Florida 
Project Reports 

U.S., NavBuAer RDR. United States, Navy 
Department, Bureau of Aeronautics, Research 
Division Reports 

U.S., NAVORD Rep. 
Ordnance Reports 

U.S., Navy Dept., David W. Taylor Mode! Basin, 
Rep.; Transl. United States, Navy Depart 
ment, David W. Taylor Model Basin, Reports; 
Translations 

U.S., NBS Appl. Math. Ser. United States, 
National Bureau of Standards, Applied Mathe 
matics Series 

U.S., NBS Rep. United States, National Bureau 
of Standards, Reports 

U.S., NRL Rep. United States, Naval Research 
Laboratory, Reports 

U.S., ONR Res. Rep. United States, Office of 
Naval Research, Research Report (monthly) 

U.S., ONR Special Devices Cen. TR. United 
States, Office of Naval Research, Special 
Devices Center, Technical Reports 

USAF AEDC TN. United States Air Force, 
Arnold Engineering Development Center, 
Technical Notes 

USAF AMC Eng. Div. Aero. Med. Lab. TR. 
United States Air Force, Air Materiel Com- 
mand, Engineering Division, Aero Medical 
Laboratory, Technical Reports 

USAF APG Rep. United States Air Force, Air 
Proving Ground, Reports 

USAF Arctic Aeromed. Lab. Project Rep. United 
States Air Force, Arctic Aeromedical Labora 
tory, Alaska, Project Reports 

USAF FTC TR. United States Air Force, Flight 
Test Center, Technical Reports 

USAF MTC TN. United States Air 
Missile Test Center, Technical Notes 

USAF OSR TN. United States Air Force, Office 
of Scientific Research, Air Research and De 
velopment Command, Technical Notes 

USAF PTRC TN. United States Air Force 
Personnel & Training Research Center, Tech 
nical Notes 

USAF RADC TR. 
Rome Air 
Reports 

USAF SAM Rep. United States Air 
School of Aviation Medicine, Reports 


Naval Air 


Naval Air 


United States, Naval 


Force, 


United States Air Force 
Development Center, Technical 


Force 


USAF TR. United States Air Force, Technical 
Reports 

USCEC Rep.; TN. University of Southern 
California, Engineering Center Reports; 


Technical Notes 

VPI Eng. Exp. Sta. Ser. Bul. Virginia Poly- 
technic Institute, Engineering Experiment 
Station, Series Bulletin 
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Acoustics, Sound, & Noise 


Noise Control. P. W. Smith, Jr., and 
M. C. Junger. Prod. Eng., Nov., 1956, 
pp. 143-147. Review of the terminology 
used to describe noise, its sources, and 
control by insulation, isolation, and ab- 
sorption. 

Gagging Jet Aircraft. Hawker Siddeley 
Rev., Sept., 1956, pp. 74-77. Discussion 
of the problem of noise suppression in 
ground testing of aircraft jet engines, and 
the construction of the sound-suppression 
pens. 

Jet Engine Noise and Associated Prob- 
lems. G. R. Gibson. Can. Aero. J., 
Oct., 1956, pp. 284-290. 10 refs. Dis- 
cussion of aircraft engine noise, its effect on 
equipment and personnel, and_ possible 
remedies. 

Near Noise Field of a Jet-Engine Ex- 
baust. I-—Sound Pressures. Walton L 
Howes and Harold R. Mull. II—Cross 
Correlation of Sound Pressures. Ed- 
mund E. Callaghan, Walton L. Howes, and 
Willard D. Coles. U.S.. NACA TN 
3763; TN 3764; Oct., Sept., 1956. 51, 53 
pp. 16 refs. Measurements for a single 
operating condition without afterburning 
in the vicinity of an exhaust produced by 
a stationary turbojet engine having a high 
pressure ratio, and tests to determine the 
effect of jet velocity on near-field sound 
pressures as well as the difference in value 
between sound-pressure levels at rigid 
surfaces and corresponding free-field levels. 

Some Applications of Riesz’s Method. 
E. T. Copson. Conf. on Differential 
Equations, U. Md., Mar. 17-19, 1955, 
Proc., pp. 107-118. (AFOSR TR 56-51) 

AD 110 314]. (College Park, Md., U 
Md. Book Store, 1956, $8.00. ) 

Diffraction by a Cylinder of Finite 
Length. W. E. Williams. Proc. Cam- 
bridge Philos. Soc., Apr., 1956, pp. 322- 
335 11 refs. Analysis of the problem 
of diffraction of a plane harmonic sound 
wave by a hollow circular cylinder, using 
Laplace transforms which reduce the prob- 
lem to that of solving two complex inte 
gral equations 

Statistical Properties of a Moving 
Wave-Form. M. S. Longuet-Higgins 
Proc. Cambridge Philos. Soc., Apr., 1956, 
pp. 234-245. Analysis considering two 
Statistical noise distributions which in- 
volve the velocities of zeros and the 
frequency of the creation and annihila 
tion of a pair of specular points 

Sound and Furor; the Jet Noise Sup- 
pression Age. M. M. Miller. SAE 
Natl. Aero Meeting, Los Angeles, Oct. 2-6, 
Preprint 818. 22 pp. Discussion and 
recommendations for a few simple methods 
of evaluating jet noise suppression gains. 
Using these methods, the results of some 
jet nozzle suppressors tested by Douglas 
Aircraft Company are rated. 


Aerodynamics 


The Results of Wind-Tunnel Tests to a 
Mach Number of 0.90 of a Four-Engine 
Propeller-Driven Airplane Configuration 
Having a Wing with 40° of Sweepback 
and an Aspect Ratio of 10. George G. 
Edwards, Jerald K. Dickson, Fred B 
Sutton, and Fred A. Demele. U.S., 
NACA TN 3789, Sept., 1956. 171 pp. 
10 refs 
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FLEXON® CONVENTIONAL 4 
FABRICATED STAINLESS STEEL 
STAINLESS STEEL CASTING 
Weight: 6 oz. finished Weight: 12 to 14 oz., 
ADVANTAGES: drilled and finished 
Light weight OBJECTIONS: 
A/C quality finish Excessive weight 
No porosity Poor finish © Porosity 
Low rejection rate Excessive rejection rate 
NEW Here is a typical example of the type of 


product improvement that results from 
ENGINEERING a new Flexonics forming and fabricat- 
MANUAL ing process. Applied to lightweight 
stainless steel ducting components, this 
process provides you with four impor- 
tant advantages: 
1. Wider latitude in component con- 
figuration 
2. Higher quality 
3. Greater value 
4. Lighter weight 


To learn how you can benefit from 


Write for information this new technique, send an outline of 
on how qualified per- your requirements. Complete design and 
sons may secure this engineering service is available when re- 
helpful manuat. quired. 
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Analysis of Wind-Tunnel Tests to a 
Mach Number of 0.90 of a Four-Engine 
Propeller-Driven Airplane Configuration 
Having a Wing with 40° of Sweepback and 


an Aspect Ratio of 10. George G. Ed- 
wards, Donald A. Buell, Fred A. Demele, 
and Fred B. Sutton. U.S., NACA TN 
3790, Sept., 1956. 170 pp. 12 refs 


Aerothermodynamics 


Rarefied Gas Dynamics. 5S. A. Schaaf. 
A ppl. Mech. Rev., Oct., 1956, pp. 413-415 
37 refs. Review of work done to extend 
the range of empirical data on gas dy- 
namics, considering three different regimes: 
free molecular flow, transition flow, and 
slip flow. 

A Simple Method for Computing the 
Temperature History of a Body Entering 
the Atmosphere at High Supersonic 
Velocities. Gibson Oakes. Jet Propul- 
sion, Oct., 1956, Pt. I, pp. 888-891 

Some Aerophysics Problems Connected 
with Hypersonic Flight. John W. Bond, 
Jr. G-E Tech. Forum on Guided Missiles, 
New York, Mar. 3, 1956, Paper. 7 pp. 

Aerodynamic Heating and Heat Trans- 
fer Phenomena at Mach Numbers 2.7 
Through 5.7. D. G. DeCoursin, W. S. 
Bradfield, and J. J. Sheppard. USAF 
WADC TR 53-379 (OTS PB 121007, 
$1.50.) Feb., 1954. 102 pp 30. refs. 
Measurements of local heat-transfer coeffi- 
cients for laminar and turbulent boundary 
layers of heated and cooled bodies of 
revolution with uniform surface tempera- 
tures. 

Heat Transfer Measurements on Two 
Bodies of Revolution at a Mach Number of 
3.12. John R. Jack and N. S. Diaconis. 
U.S., NACA TN 3776, Oct., 1956. 36 
pp. 20 refs. Experimental investigation 
on a cone cylinder and a parabolic-nosed 
cylinder to obtain data for Reynolds 
Numbers up to 12 X 10°, based on body 
length for heated and cooled surfaces. 

An Experimental Investigation of the 
Effect of Surface Roughness on the Drag 
of a Cone Cylinder Model at a Mach 
Number of 2.48. J. H. T. Wade. (CAI 
Annual General Meeting, Montreal, May 
3, 4,1956.) Can. Aero. J., Oct., 1956, pp. 
291-298. 17 refs. 

A Solution of the Heat Transfer Equa- 
tions for Laminar Flow Between Parallel 
Plates. S. C. R. Dennis and G. Poots. 
Quart. Appl. Math., Oct., 1956, pp. 231 
236. Method of solving a two-dimen- 
sional heat flow of the Poiseuille type, 
using the formal Fourier analysis of the 
type developed by Carslaw and Jaeger. 

Nitric Oxide Formation in Hypersonic 
Flow. J. G. Logan, Jr. J. Aero. Sci., 
Dec., 1956, pp. 1,123-1,125. 11. refs. 
Discussion of the partial dissociation and 
ionization of oxygen and nitrogen mole- 
cules, and the formation of new compo- 
nents produced by the high temperatures 
resulting from high-speed flight. 


Boundary Layer 


Experimental Investigation on the Tran- 
sition of Laminar Separated Layer. 
Hiroshi Sato. J. Phys. Soc. Japan, June, 
1956, pp. 702-709, Reprint. 10 refs. 
Results of tests showing that the mean 
velocity distribution of laminar layers 
shows a similar profile and agrees with 
Lin’s calculation. In the transition re- 


gion, hot-wire anemometer survey of 
velocity fluctuation reveals the existence 
of sinusoidal wave, and transition points 
determined by the layer thickness and by 
fluctuation measurements 
agreement 

K Zadache o Laminarnom Pogranich- 
nom Sloe u Poristoi Stenki. L.S. Gandin 


show 


and R. E. Soloveichik. Prikl. Mat. 1 
Mekh., Sept.-Oct., 1956, pp. 663-665. 
In Russian. Study of the problem of the 
laminar boundary layer along a porous 


wall, 

Effects of Free-Stream Vorticity on the 
Behavior of a Viscous Boundary Layer. 
Ting YiLi. J. Aero. Sci., Dec., 1956, pp. 
1,128, 1,129. USAF-supported reformu- 
lation of the problem of a viscous bound- 
ary layer in a free stream of constant 
vorticity, taking into account the pressure 
gradient induced by the displacement 
effect of the boundary layer. Analysis 
considers the case of steady, incompres 
sible, two-dimensional flow. 

The Asymptotic Turbulent Boundary 
Layer. R. A. Dutton. J. Aero. Sci., 
Dec., 1956, pp. 1,127, 1,128. Description 
of experiments results indicate 
that the turbulent boundary layer with 
uniform suction achieves an equilibrium 
condition analogous to that of the cor 
responding laminar boundary layer with 
both thickness and velocity profile inde 
pendent of x (as defined by Griffith and 
Meredith), but that the measured velocity 
profile corresponding to this asymptotic 
condition is not universal. 

Boundary Layer Propulsion. F. H. 
Reynst. Aeronautics, Nov., 1956, pp 
64, 66, 69, 70. Examination of the 
possibility of designing an integrated 
propulsion and drag-reduction system in 
which the air of the boundary layer 
would become the working mass of the 
propelling engine 

A Treatment of the Jet Flap by Thin- 
Aerofoil Theory. Appendix A—The Prin- 
cipal Values of Certain Cauchy Integrals. 
Appendix B-—-The Principal Values of 
Two Contour Integrals. D. A. Spence. 
Gt. Brit. RAE Rep. Aero.2568, Nov., 
1955. 55 pp. 138° refs. Solutions in 
Fourier series over a range of jet momen- 
tum coefficients for an inviscid incompres- 
sible flow past a two-dimensional wing at 
small angle of incidence, with a trailing- 
edge jet. The jet has zero thickness but 
finite momentum and emerges at a small 
deflection to the surface. 


whose 


Control Surfaces 


Theory of Aerofoil Spoilers. L. C 


Woods Gl Brit. ARC R&M 2969 
(May, 1953), 1956. 21pp. 12refs. BIS, 
New York, $1.08. Development of a 


mathematical theory for airfoil spoilers in 
two-dimensional flow. Equa- 
tions are given for load distributions, lift, 
drag, and moments and hinge moments 
produced by spoiler-flap combinations. 
Jet-Induced Circulation Control. II 
Experimental Results. L. Malavard, Ph. 


subsonic 


Poisson-Quinton, and P. Jousserandot 
Aero Dig., Oct., 1956, pp. 46-48, 50 
59 ff. Description of theoretical develop- 
ment and test results of a method to 


achieve circulation control by means of a 
full-span blowing jet of variable orienta- 
tion located at or near a wing trailing edge 


Dynamics of Liquids 


Pressure Transmission in Liquid Films. 
Edward Dawson. J. Franklin Inst., Oct., 
1956, pp. 255-263. Calculation of the 
magnitude of the delay in pressure change 
transmission in thin clearance spaces be- 
tween solid boundaries, caused by viscous 
resistance to the small amount of flow 
which occurs—due to its compressibility — 
when a liquid is subjected to 
pressure 

The Slow Shearing Motion of a Liquid 
Past a Semi-Infinite Plane. G 
and D. L. Scott-Hutton. Pacific J. 
Math., Summer, 1956, pp. 327-349. 
Analysis in which the stream function is 
biharmonic and vanishes together with its 
normal derivative at all points of the fluid 
boundary and must be such as to yield 
uniform shearing at a great distance from 
the boundary. Expressions for the stream 
function and fluid pressure are found for 
specific regions, and a plane elastic state 
analogy is pointed out. 

Steady Flow of Non-Newtonian Fluids 
Through Tubes. A. E. Green and R. S. 
Rivlin. Quart. Appl. Math., Oct., 1956, 
pp. 299-308. Calculation of a suitable 
distribution of body forces for the main- 
tenance of steady rectilinear flow through 
a noncircular tube. 

Motion of a Viscous Fluid in a Tube 
Which Is Subjected toa Series of Pulses. 
G. N. Lance. Quart. Appl. Math., Oct., 
1956, pp. 312-315. 

Neustanovivsheesia Dvizhenie Viazko- 
Plasticheskoi Zhidkosti v Krugloi Trube. 
Iu. I. Krasil’nikov. Prikl. Mat. i Mekh., 
Sept.-Oct., 1956, pp. 655-660. In Rus- 
sian. Study of the nonstationary motion 
of a viscoelastic fluid in circular tubes, 
taking into account Gromeka’s results, and 
using Genki’s differential equations 

Impingement of Droplets in 60° Elbows 
with Potential Flow. Appendix A, B— 
Selection of Complex Potential Function 
for Design of 60° Elbow and Calculation 
of Flow Field. Paul T. Hacker, Paul G. 


variable 


Power 


Saper, and Charles F. Kadow. U.S, 
NACA TN 3770, Oct., 1956. 54 pp. 
16 refs. Determination of trajectories of 


water droplets or other aerosol particles in 
air flowing through 60° elbows designed 
for two-dimensional potential motion. 
Fluid Mechanics & Aerodynamic Theory 
Repeated Branching Through Loss of 


Stability An Example. Eberhard Hopf 
Conf. on Differential Equations, U. Md., 
Mar. 17-19, 1955, Proc., pp. 49-56. 


(AFOSR TR 56-51) [AD 110 314) 
lege Park, Md., U. Md 
$8.00. ) 


(Col- 
Book Store, 1956, 


Nekotorie Svoistva Prostranstvennykh 


Sverkhzvukovykh Techenii. M. N. ko- 
gan. Prikl. Mat. i Mekh., Sept.-Oct., 
1956, pp. 661, 662. In Russian. Investi- 


gation of some characteristics of three- 
dimensional supersonic ows used for es- 
tablishing an analogy with plane flows, for 
obtaining qualitative results, and _ for 
simplifying the calculation of flow around 
given classes of airfoil profiles 

Conversion of Inviscid Normal-Force 
Coefficients in Helium to Equivalent 
Coefficients in Air for Simple Shapes at 
Hypersonic Speeds. James N. Mueller. 
U.S., NACA TN 3807, Oct., 1956. 31 pp 
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A 
AIRBORNE 
CAPACITOR B 
2%, 0. OLD-STYLE 
CAPACITOR 


10 oz. 


NEW AIRBORNE STARTING CAPACITOR 


75% 


LIGHTER 


Is 


- HAS TWICE THE CAPACITY AT TRIPLE THE VOLTAGE 


We got into the custom capacitor 
and r.f. filter business because we 
wanted lighter, smaller, more effi- 
cient capacitors and filters for our 
aircraft motors and couldn’t find 
any. So we began making our own. 


Using Mylar dielectric and a 
special conductor, we have been 
able to make dramatic reductions 
in capacitor size and weight, while 
maintaining or increasing capacity 
and dielectric strength. The exam- 
ple above is typical. 


Tried and proved on our own 
motors, these new miniaturized 


Airborne capacitors are now avail- 


LINEATOR® ROTORAC® 


able to help reduce the weight and 
bulk of your components. Vacuum 
impregnated with polyamide resin 
and hermetically sealed in drawn 
steel cans, Airborne capacitors 
have excellent resistance to vibra- 
tion, fungi, salt spray and humid- 
ity and retain their electrical 
characteristics throughout the tem- 
perature range —65° to +300° F. 
They meet government specifica- 
tions Jan-C-25, MIL-1-6181B and 
MIL-M-8609, 

Send for quotations on Airborne 
custom miniaturized capacitors — 
and Airborne miniaturized 
filters. 


TRIM TROL® e 


MIR BORNE 


AIRBORNE ACCESSORIES CORPORATION 
HILLSIDE 5, NEW JERSEY 


Represented in Canada by: WINNETT BOYD LIMITED © 745 Mt. Pleasant Rd., Toronto 12, Ont. 


A 
Airborne Mini- 
aturized Capacitor 


B 
Old-Style 
Capacitor 


Dimensions ... 


1% x 1% in. diam. 


2x 2% x 2% in. 


ROTORETTE® 


Capacity ...... 9.5 mfd + 10% 5 mfd + 10% 
Dielectric ..... Mylar Paper 
1500 v 500 v 
Weight........ 2.5 oz. 10 oz. 
Temp. Range.. | —65° to +300°F. —65° to +160°F. 


e ANGLGEAR 


® 


ROTOLOK 


NEW AIRBORNE CATALOG 
For information on Airborne’s other prod- 


ucts — electro-mechanical actuators, feel 
systems, and electric motors—write for a 
copy of Cztalog #57. 
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Ob Odnom Klasse Ploskikh i Osesim- 
metricheskikh Okolozvukhovykh Teche- 
ni. V. N. Zhigulev. Prikl. Mat. 7 
Mekh., Sept.-Oct., 1956, pp. 613-620. 
In Russian. Derivation of exact solu- 
tions of plane near-sonic and axisymmetric 
flows, taking into account the known plane 
flows starting from the rectilinear transi- 
tion line. 

Un Principio di Massima Potenza. 
Carlo Riparbelli. L’Aerotecnica (Rome), 
Aug., 1956, pp. 276, 277. In Italian 
Extension of a maximum-work principle, 
valid for an elastic body, 
real incompressible 
motion. 

Compressible Viscous Flow Past a 
Wedge Moving at Hypersonic Speeds. 


to the case of a 
fluid in stationary 


OFFICE 
MACHINES 


COMPONENTS 


1G REVIEW 


L. J. Pan and Y. H 
Phys., July, 1956, pp 
of a special case 
large wedge 
exists even at in 


Kuo. J. Math. & 
179--193. Analysis 
of an infinite wedge with 
for which a strong shock 
finity, in order to deter 
mine the significance of entropy. The in 
vestigation is restricted to the weak inter 
action zone for which an 
solution can easily be found 
An Approximate Solution to Supersonic 
Conical Flow. Henry E. Fettis J. Aero. 
Sct., Dec., 1,122, 1,123 
Pressure Distribution and Dimensional 
Data on Free Streamline Shapes Having 
Wedge Shaped Noses. 
A. M. O 
17922, June 2, 1955 
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Jesse Pierce and 
Douglas Rep. ES 
60 pp 


Smith 
Informa 
s, each of which has a tail 


PORTABLE 
TOOLS 


Small Motor... BIG idea 
FOR YOUR MOTOR-DRIVEN PRODUCT- 


This motor is representative of the many Lamb Electric motors 


specially engineered to provide: 


(1) the dependable power and smooth, efficient operation 
required for top product performance. 


(2) the low weight and compactness required for easy 
portability and good product appearance. 


These advantages are standard with Lamb Electric Motors, at no 
increase in cost, because our plant is equipped and organized to 
custom manufacture on a volume basis, May we demonstrate? 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


In Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


/ Eh 
SPECIAL APPLICATION 0 
FRACTIONAL HORSEPOWER wi T R 


Army tank ventilating 
blower motor. 


Motor parts for 
portable electric tools. 


Motor for air 
conditioning applications. 


JANUARY, 


corrected by a curved central portion over 
which velocity is constant and is symmet- 


rical about its chord line and its 50 per 
cent chord line. The shapes are developed 
from ten different wedge angles whose 


interior angles range from 3° to 210 

Some Integrated Volume Properties in 
Linearized Flow and Their Connection 
with Drag Reduction at Supersonic 
Speeds. Z. O. Bleviss. J. Aero. Sci., 
Dec., 1966, pp. 1,078-1,098 

O Reshenii vo Vtorom Priblizhenii 
Zadach Osesimmetrichnogo Techeniia 
Gaza. I.M.Iur’ev. Prikl. Mat.i Mekh., 
Sept.—Oct., 1956, pp. 606-612. In Rus- 
sian. Solution to the second-approxima- 
tion problem of axisymmetrical gas flows 

The Image System of a Vortex Element 
in a Rigid Sphere. M. J. Lighthill 
Proc. Cambridge Philos. Soc., Apr., 1956, 
pp. 317-821. Analysis giving the image 
system of a rigid sphere immersed in an in- 
compressible fluid, the results of which 
make possible the calculation of secondary 
flow produced by a_ three-dimensional 
obstacle in a sheared stream 

Motion of a Gas Due to a Pressure of 
Short Duration (Shock). Ia. B. Zecl’- 
dovich. Soviet Physics—Acoustics, No. 1, 
1956, pp. 25-35. Translation 

Integration of a System of Autosimulat- 
ing Equations for the Problem of a Short 
Duration Shock in a Cold Gas. V. B 
Adamskii. Soviet Physics—Acoustics, No 
1, 1956, pp. 1-7. Translation. Analysis 
of the system in general form for any adia 
batic index y, showing that the exponent 
n—for which values are given 
which the 


and upon 
autosimulating solution de- 
may be found by numerical in- 
tegration from a specially defined point to 
the point defined by the initial conditions 
Includes graphs for the physical quan- 
tities in Euler and Lagrange coordinates 

Udarnaia Volna na Znachitel’nom Ras- 


pends 


stoianii ot Mesta Vzryva. S. A. Khiris- 
tianovich. Prikl. Mat. i Mekh., Sept.- 
Oct., 1956, pp. 599-605. In Russian 


Investigation of shock waves propagated 
through water at a great distance from 
the place where the explosion occurred, 
where the pressure on the front 
does not exceed 250-300 atmospheres 
The general law of wave propagation and 
wave shape is taken into account 

Diffraction of Disturbances Around a 
Convex Right Corner with Applications 
in Acoustics and Wing-Body Interference. 
Lu Ting. Polytech. Inst. Bklyn. Dept 
Aero. Eng. & Appl. Mech. PIBAL Rep 
307 (AFOSR TN 56-428) [AD-96510], 
Aug., 1956. 32 pp. 

Elements of an Improved Linear Per- 
turbation Theory of Steady Supersonic 
Flow with Axial Symmetry. C. W. Jones 
Proc. Cambridge Philos. Soc., Apr.. 1956, 
pp. 336-343. 


wave 


Internal Flow 


Measurement of Air Flow Through an 
Aircraft Generator During Flight. IV 
A Practical Method. Appendix A—Speci- 
fications for Manufacture of Standard Ori- 
fice Lines and Plates. Appendix B—Der- 
ivation of Expression for Ideal Reynolds 
Number. Appendix C, D Procedural 
Check List. Joseph M. Marzolf. U.S, 
NRL Rep. 4445 (OTS PB 111903, $1.00), 
Nov. 19, 1954. 27 pp 
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GIANT AUTOCLAVE = PART OF 
ROHR’S MULTI-MILLION-DOLLAR TOOL KIT 


This new autoclave, shown below, extends 
the vital field of metal bonding at Rohr to 
the production of deep, complicated, con- 
toured assemblies, requiring tremendous 
pressure throughout the curing cycle. 


Today, with this and hundreds of other 
heavy manufacturing machines, Rohr is cur- 
rently engaged in many advanced structures 


Excellent Career openings now for engineers and skilled technicians 


programs—along with the production of over 
30,000 different parts for aircraft of all types. 


This is, of course, in addition to Rohr’s being 
recognized as the world’s largest producer of 
ready-to-install power packages. 

For design and engineering know-how, for 
full production facilities look to Rohr to 
build more into the aircraft parts you need. 


In addition to the Convair Metropolitan 440 shown 
here, Rohr builds power packages for many other 

x leading commercial and military planes which have 
made Rohr famous as the 


WORLD’S LARGEST PRODUCER 


= OF READY-TO-INSTALL 


POWER PACKAGES FOR AIRPLANES 


AIRCRAFT CORPORATION 


CHULA VISTA, CALIFORNIA 
ALSO PLANTS IN RIVERSIDE, CALIFORNIA; WINDER, GEORGIA; AUBURN, WASHINGTON 
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Low-Speed Wake Characteristics of 
Two-Dimensional Cascade and Isolated 
Airfoil Sections. Seymour Lieblein and 
William H. Roudebush. U.S., NACA 
TN 3771, Oct., 1956. 49 pp. 18 refs. 
Calculations giving empirical and theoret- 
ical variations with downstream  dis- 
tance of such wake properties as minimum 
velocity, form factor, momentum thick- 
ness, full thickness, and total-pressure loss, 

Uber die Durchfiihrung systematischer 
Messungen an ebenen Schaufelgittern. 
Norbert Scholz. ZFW, Oct., 1956, pp. 
313-333. 24 refs. In German. Deriva- 
tion of equations for the evaluation of mo- 
mentum measurements in two-dimensional 
flow through cascades 

Dogwiadczalne Sprawdzenie Analitycz- 
nej Metody Obliczania Strat Przeptywu 
Przez Ptaska Palisade Profiléw. Woj- 
ciech Brzozowski. Arch. Budowy Maszyn 
(Warsaw), No. 3, 1956, pp. 295-316. In 
Polish, with summaries in English and 
Russian. Theoretical investigation of 
flow losses through a flat cascade of pro- 
files, on the basis of the characteristic 
parameters of the turbulent boundary 
layer which forms around the contours of 
the blades. 

Investigation of a Related Series of 
Turbine-Blade Profiles in Cascade. 
James C. Dunavant and John R. Erwin. 
U.S., NACA TN 3802, Oct., 1956. 100 
pp. 13 refs. Low-speed cascade-tunnel 
tests on specially designed turbine blades 
whose profiles satisfy the condition of in- 
let-flow angle and turning angle encoun- 
tered in the usual range of turbine opera- 
tion. Consideration is given to a series of 
blade profiles applicable for most turbine- 
blading requirements and to a secondary 
series with particular reference to impulse 
conditions. 

Tabulation of Mass-Flow Parameters 
for Use in Design of Turbomachine Blade 
Rows for Ratios of Specific Heats of 1.3 
and 1.4. Warren J. Whitney. U.S, 
NACA TN 3831, Oct., 1956. 111 pp 

Metoda Wyznaczania Charakterystyki 
Stopnia Sprezarki z Uwzglednieniem 
Wzajemnego Wplywu Stopni. Bohdan 
Krajewski. Arch. Budowy Maszyn (War- 
saw), No. 3, 1956, pp. 277-294. In Polish, 
with summaries in English and Russian. 
Description of a mathematical method for 
determining the characteristic curve of an 
axial compressor, taking into account the 
interaction of two stages. 

The Streamsurface Characteristics 
Method for Supersonic Flow, with Applica- 
tion to Supersonic Compressors. Henry 
G. Loos. Propulsion Res. Corp. Rep. 
R-207 (AFOSR TN 56-367)| AD 95803), 
May, 1956. 98 pp. Analysis of super- 
sonie flows along a curved surface (.S) of 
general but given shape, and with a dis- 
tance (A) to an infinitesimally adjacent 
stream surface. 

Compressor Stall Is Well Understood 
but Not Yet Licked. SAE J., Oct., 
1956, pp. 28-36. Discussion of the 
problems of compressor stall and the 
means available to lessen these problems. 
The development of a stall sensor which 
is the ultimate solution to compressor 
surge is also discussed. 

Exploratory Investigation of the Use of 
Area Suction to Eliminate Air-Flow Sepa- 
ration in Diffusers Having Large Expan- 


sion Angles. Curt A. Holzhauser and 
Leo P. Hall U.S., NACA TN 3793, 
Oct., 1956. 18 pp. 13 refs. 
Experimenteller Beitrag zur Entsteh- 
ung Turbulenter Strémung im Rohr. J. 
Rotta. Jng-Arch., No. 4, 1956, pp. 
258-281 12 refs. In German. Ex- 
perimental investigation of the nature of 
turbulent and laminar state of flow 
through a tube in order to determine the 
relationship between relevant dimensions. 


Zur Berechnung der kritischen Ge- 
schwindigkeit der reibungs- und relaxa- 
tionsfreien thermochemischen Gasstrém- 
ung durch Rohr und Diise. H. Stiimke. 
Ing-Arch., No. 4, 1956, pp. 282-290. 12 
refs. In German. Calculation of the 
critical velocity of the viscous and relaxa- 
tion-free thermochemical gas flow through 
tubes and nozzles, based on the assump- 
tion of permanent chemical equilibrium 
and of the line-flow theory. 

Further Measurements of Intensity, 
Scale, and Spectra of Turbulence in a 
Subsonic Jet. James C. Laurence and 
Truman M. Stickney. U.S., NACA TN 
3576, Oct., 1956. 24 pp. Hot-wire-ane- 
mometer measurements in a 3.5-in. diam- 
eter free subsonic jet for downstream dis- 
tances from 8 to 20 jet diameter. 


Parasitic Components 


Low Speed Static and Fluctuating Pres- 
sure Distributions on a Cylindrical Body 
with a Square Flat Plate Airbrake. T. B. 
Owen. Gt. Brit., RAE TN Aero.2396, 
Jan., 1956. 18 pp. Measurements of 
mean values and fluctuations of the static 
pressure on the surface of a body fitted 
with an air brake 


Stability & Control 


Stability Derivatives of Cones at Super- 
sonic Speeds. Murray Tobak and Wil- 
liam R. Wehrend. U.S., NACA TN 
3788, Sept., 1956. 43 pp. 12 refs. 
Theoretical investigation, using potential 
theory for circular cones traveling at super- 
sonic speeds and based on two theoretical 
techniques applied previously to the case 
of uniform axial and inclined flow, for 
calculating stability derivatives due to 
pitching velocity and vertical acceleration 
in order to derive closed-form solutions for 
cones by both methods. 

A Development of the Longitudinal 
Dynamic Equations of Motion of an Air- 
craft at the Absolute Ceiling. Alfred C 


Robinson and Bernard J. Doody. USAF 


WADC TR 55-210 (OTS PB 111991, 
$1.25), May, 1955. 42 pp. Theoretical 
investigation using a small-perturbation 
expansion of forces acting on the airplane, 
with the expansion including higher order 
terms than those used in conventional 
small-perturbation analysis. The equa- 
tions are applied to a jet airplane of con- 
ventional configuration, and results are 
compared with available flight-test data 

A Simple Method for Calculating the 
Characteristics of the Dutch Roll Motion 
of an Airplane. Bernard B. Klawans 
U.S., NACA TN 3754, Oct., 1956. 16 
pp. Description of a technique for ob- 
taining a rapidly convergent iterative 
solution by arranging the lateral equations 
of motion in a prescribed form and order. 
In this way, the need for solving the clas- 
sic biquadratic equations is circumvented. 


Investigation of Certain Unsteady Aero- 
dynamic Effects in Longitudinal Dynamic 
Stability. H. Ashley, G. Zartarian, and 
D. O. Neilson. USAF WADC TR 
5986 [AD 170202], Dec., 1951. 333 pp. 
64 refs. Theoretical investigation  re- 
viewing unsteady aerodynamic theory 
and extending it to cover oscillations of 
straight and swept wings of finite span, 
bodies, and wing-body combinations. In- 
cludes coordination of series of wind-tun- 
nel measurements on oscillating straight 
and swept wings and bodies, and calcula- 
tion, by means of the most exact practica- 
ble aerodynamic expressions, of the longi- 
tudinal response to elevator oscillation for 
20 rigid and flexible aircraft representing 
a wide range of parameters. 

A Study of Several Factors Affecting 
the Stability Contributed by a Horizontal 
Tail at Various Vertical Positions on a 
Sweptback-Wing Airplane Model. Ger- 
ald V. Foster and Roland F. Griner. 
U.S., NACA TN 3848, Nov., 1956 
28 pp. 


Wings & Airfoils 


Finite Span Wings in Compressible 
Flow. E. A. Krasilshchikova. (Mos- 
cow State U., Sci. Rec., Mech. No. 4, 1951; 
Govt. Pub. House Tech. Theoret. Literature, 
1952.) U.S.. NACA TM 1383, Sept., 
1956. 130 pp. 27 refs. Translation. 
Description of an integral equation 
method for solving the problems associated 
with slender wings in supersonic flow 

Contribution Expérimentale a 1'Etude 
du Profil Portant Aux Vitesses Transso- 
niques. R. Michel and M.  Sirieix 
Docaéro, May, 1956, pp. 3-14. In French. 
Experimental contribution to the study of 
lifting surfaces at transonic speeds 

Sur les Interactions Aérodynamiques 
des Fuseaux d’Ailes. J. Cornillon and 
G. Montantéme. Docaéro, Jan., 1956, 
pp. 3-14. In French. Review of theo- 
retical and experimental results obtained 
for the aerodynamic interaction of fusi- 
form bodies attached at several locations 
of the wing. 

Miscarea Axial Simetrica in Jurul Ari- 
pilor Toroidale Subtiri. N. N. Patraulea. 
Bul. Stiint. Sect. Stiint. Mat. Fiz., Jan.- 
Mar., 1956, pp. 115-119. In Rumanian. 
Study of the axisymmetric flow around 
thin circular wings, and development of a 
vortex theory applicable to the case of a 
vortex street produced by the propeller 
slipstream. 

Aripa de Rezistenta Indusa Minima, in 
Prezenta unui Suflu Axial de Sectiune 
Circulara. T. Oroveanu. Sect. Stiint 
Teh. Chim., Vol. 6, 1954, Reprint. 7 pp. 
In Rumanian. Study of a wing in the 
propeller slipstream in order to determine 
lift and circulation distribution, assuming 
minimum induced drag 

A Shock-Free Airfoil. H. C. Levey. 
J. Aero. Sci., Dec., 1956, pp. 1,129, 1,180 
Analysis, using the hodograph method, to 
provide a profile for which the exact solu- 
tion exhibits a comparatively large shock- 
free supersonic region. 

On the Measurement of Supersonic 
Aerofoil Drag by Pressure Traverse. R. 
E. Meyer. Australia, ARL Rep. A.97, 
May, 1956. 30 pp. 12 refs. Determi- 
nation of the drag in two-dimensional 
flow in terms of the distributions of static 
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and stagnation pressures along a traverse 
line downstream of the airfoil. 

Normal Forces on Flat Plates in Low- 
Density Supersonic Flow. D. M. Tellep 
and L. Talbot. J. Aero. Sci., Dec., 1956, 
pp. 1,099-1,108. 19 refs. OSR-ONR- 
sponsored measurements over a range of 
900 < Re < 2,400 and 3.7 < M < 4.lat 
angles of attack up to 8°, with a series of 
models having an aspect ratio range from 
1.0 to 2.0. 


Recent Developments in the Theory of 
Wing-Body Wave Drag. Harvard Lomax 
and Max A. Heaslet. (JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 617.) J. Aero. Sci., Dec., 1956, 
pp. 1,061—1,073. 

An Assessment of Body Lift Contribu- 
tions and of Linearized Theory for Some 
Particular Wing-Body Configurations. 
John W. Reyn and Joseph H. Clarke. 
Polytech. Inst. Bklyn. Dept. Aero. Eng. & 
Appl. Mech., PIBAL Rep. 305 (AFOSR 
TN 56-429) [AD-96511], June, 1956. 
70 pp. 10 refs. Theoretical investiga- 
tion of a configuration composed of a cir- 
cular half cone mounted beneath a swept 
wing of zero thickness, with comparison 
(at equal lift coefficient and Mach Num- 
ber) of the drag of the configuration to that 
of three other configurations. Numerical 
calculations are carried out for the super- 
sonic flow fields around cones and cone 
cylinders at zero angle of attack. 


Aeroelasticity 


Remarks on the Convergence of an Iter- 
ative Procedure in Solving Dynamic Re- 
sponse Problems. Tse-Sun Chow. J. 
Aero. Sci., Dec., 1956, pp. 1,119, 1,120. 

A Study of the Means of Improving 
Unsteady Aerodynamic Derivatives. Ap- 
pendix—-Subsonic Aerodynamic Influence 
Coefficients. Arnold Lee and Simon Slut- 
sky. Lee Arnold Assoc., Rep. 56-1, Jan., 
1956. 58pp. 12refs. Analysis of exist- 
ing experimental data and examination, 
using available theoretical and experimen- 
tal results, of the effect of varying the as- 
sumptions on which theoretical aerody- 
namic derivations are usually based, in 
order to determine more reliable unsteady 
aerodynamic derivatives. 

Ob Ustoichivosti Vrashcheniia Tverdogo 
Tela, Podveshennogo na Strune. E. P. 
Morozova. Prikl. Mat. i Mekh., Sept.- 
Oct., 1956, pp. 621-626. In Russian. 
Investigation of the rotary stability of 
solid bodies suspended by a string and as- 
sumed to be absolutely elastic and not sub- 
ject to torsion. 

A Simplified Treatment of a Fixed-Root 
Swept Wing Built on Hill's Isoclinic 
Principle. D. Williams. Gt. Brit., 
R & M 2870 (Jan., 1951), 1956. 15 pp. 
BIS, New York, $0.81. Analysis of the 
aeroelastic behavior of an isoclinic swept 
wing having straight flexural and inertia 
axes. Simplification of the analysis is en- 
hanced by omitting damping terms from 
the equations of motion. 


Piston Theory—A New Aerodynamic 
Tool for the Aeroelastician. Holt Ashley 
and Garabed Zartarian. (JAS 24th An- 
nual Meeting, New York, Jan. 23-26, 1956, 
Preprint 610.) J. Aero. Sci., Dec., 1956, 
pp. 1,109-1,118. 21 refs 
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Don't be grounded by your en- 
gineering problems! 


The Investment Casting process 
offers unlimited freedom for the 
thousands of designs now on the 
aeronautical horizon. Intricate 
shapes, unusual contours, metals 
too difficult to form or ma- 
chine need not be your problem. 


ARWOOD has been serving avia- 
tion with quality investment 
castings for over a decade... 
maintaining its leadership by 
meeting design specifications, 
quality standards, delivery 
schedules and competitive 
prices. 


Write today for your copy of “‘A 


Casting’, written especially for 
design, production engineers. 


REVIEWS 


ceiling 
unlimited! 


FREEDOM OF DESIGN 


This magnesium rudder component on a jet 
bomber consists of two hollow rectangular 
chambers joined by a tube. A wall thickness 
of 0.08" is uniformly maintained, proving that 
extensive areas of thin section and complex 
Curvature can be investment cast without 
resort to joining. 


Critical Survey of Investment .} 


* 


FREEDOM OF 
ALLOY SELECTION 


In order to increase 

the strength and 

i creep resistance of 

we this jet engine strut, 

the material specifi- 

cation was changed from stainless steel to a 

special low alloy steel. Investment casting 

offers this freedom in choice of alloy at little 
or no extra cost. 


ARWOOD PRECISION CASTING CORP. 


311 West 44th Street, New York 36, N 
Plants: Brooklyn, N. Y. © Groton, Conn @¢ Tilton, N. H. @ = Angeles, Calif. 
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Voprosy Obshchei Teorii Uprugoi Us- 
toichivosti. V. V. Bolotin. Prikl. Mat. 
t Mekh., Sept.-Oct., 1956, pp. 561-577. 
24 refs. In Russian. Analysis of the 
theory of elasticity using Green’s tensor. 

The Analysis of Transient Vibration 
Data. J. P. Ellington and H. McCallion. 
J. RAeS, Oct., 1956, pp. 679, 680. Method 
whereby records of the transient vibrations 
of linear systems can be analyzed to give 
the damping factor and frequency of each 
mode of vibration. 

On the Anti-Symmetric Vibrations of a 
Beam Carrying a Distributed Added Mass. 
George Handelman and Yih-O Tu. Rens- 
selaer Polytech. Inst. Dept. Math. Rep. 2 
(AFOSR TN 56-398) [AD 96056}, 
July 31, 1956. 4 pp. 

On the Vibration of a Circular Mem- 
brane with Added Mass. Hirsch Cohen 
and George Handelman. Rensselaer Poly- 
tech. Inst. Dept. Math., Rep. 1 (AFOSR 
TN 56-403) |AD 96211], July 31, 1956. 
16 pp. Theoretical investigation of the 
characteristic frequencies of a_ circular 
membrane carrying a rigidly attached 
concentric circular mass of finite area and 
vibrating symmetrically, in order to deter- 
mine the ranges of the parameters for 
which the frequencies will always be above 
or always be below those of the unloaded 
case. 

Modes and Frequencies of Wings of 
Triangular Planform. James L. Lubkin 
and Yudell L. Luke. USAF WADCTR 
46 pp. 15 refs 
Analysis to determine the lowest fre- 
quencies and vibration-mode shapes for 
certain cantilever triangular plates, in 
order to provide a method for the aero- 
elastic analysis of delta wings. 

Wind Tunnel Tests on Antisymmetric 
Flutter of a Delta Wing with Rolling Body 
Freedom. DPD. R. Gaukroger and D. 
Nixon. Gt. Brit., ARC CP 259 (Feb., 
1955), 1956. 9 pp. BIS, New York, 
$0.36. Investigation of the effect of the 
fuselage rolling moment of inertia on criti- 
cal flutter speed and frequency. The 
model has a leading-edge sweepback of 
45° and a tip chord of 1/16th of the root 
chord. 

A Wind-Tunnel Technique for Flutter 
Investigations on Swept Wings with Body 
Freedoms. P. F. Jordan and F. Smith. 
Gt. Brit., ARC R & M 2893 (Sept., 1950), 
1955. 11 pp. BIS, New York, $0.63. 
Description of a method which involves 
the use of a half-span model to avoid the 
confusion entailed in the simultaneous 
occurrence of symmetric and antisym- 
metric flutter, and in which the boundary 
conditions artificially introduced at the 
plane of symmetry can be adapted without 
loss of realism to produce at any one time 
either type of flutter and to exclude the 
other. 

A Collection of Longitudinal Stability 
Derivatives of Wings at Supersonic 
Speeds. A. Naysmith. Gt. Brit., RAE 
TN Aero.2423, June, 1956. 47 pp. 12 
refs. 

Initial Results of a Flight Investigation 
of the Wing and Tail Loads on an Airplane 
Equipped with a Vane-Controlled Gust- 
Alleviation System. T. V. Cooney and 
Russell L. Schott. U.S., NACA TN 
3746, Sept., 1956. 31 pp. Preliminary 
evaluation of the gust-alleviation-system 


effectiveness, derived from a sample of 
measurements obtained in flight through 
clear-air turbulence with the control sys- 
tem on and off 

An Analysis of Airspeed, Altitude, and 
Acceleration Data Obtained from a Twin- 
Engine Transport Airplane Operated Over 
a Feeder-Line Route in the Rocky Moun- 


tains. Martin R. Copp and Mary W 
Fetner. U.S., NACA TN 3750, Oct., 
1956. 23 pp. 10 refs. 


An Investigation of the Loads on the 
Vertical Tail of a Jet-Bomber Airplane 
Resulting from Flight Through Rough Air. 
Jack Funk and Richard H. Rhyne. U.S., 
NACA TN 3741, Oct., 1956. 36 pp. 12 
refs. Experimental investigation with re- 
sults compared to those obtained from dis- 
crete-load calculations and from calcula- 
tions based on power spectral analysis. 

Calculation of the Forces and Moments 
on a Slender Fuselage and Vertical Fin 
Penetrating Lateral Gusts. John M. 
Eggleston. U.S., NACA TN 3805, Oct., 
1956. 20 pp. Derivation of a theory 
based on slender-body theory and appli- 
cable to both subsonic and supersonic air 
speeds, provided the local flow angles be- 
tween the profile and the air stream are 
small 

Spectral Theory of Buffeting and Gust 
Response: Unification and Extension. 
H. S. Ribner. J. Aero. Sci., Dec., 1956, 
pp. 1,075-1,118. Analysis using the sta- 
tistical approach to the dynamic response 
of aircraft in turbulent air. The basic 
element is the response of the airplane to 
flight through an inclined sinusoidal up- 
wash pattern in three-, two-, and one-di- 
mensional cases 

The Sampling Errors of Turbulence 
Measurements. Appendix—The Fitting 
of Negative Binomial Distributions. N. 
J. Bullen. Git. Brit., RAE Rep. Struc.208, 
May, 1956. I8pp. 1llrefs. Calculation 
of frequency and magnitude of gusts in 
the atmosphere obtained from counting 
accelerometers which are fitted in aircraft 
and which count automatically the num- 
ber of accelerations at a given series of 
magnitudes 

An Unconventional Type of Fatigue- 
Testing Machine. F. Aughtie and H. L 
Cox. Gt. B 1RC R& M 2833 (July, 
1953), 1955 12 pp. BIS, New York, 
$0.63. Discussion of the principles gov 
erning the design of fatigue-testing ma- 
chines. The uanalysis shows that the 
energy of the system can be better stored 
in an oscillating mass attached directly to 
the specimen 

Device for Vibration Testing Over Ex- 
tended Temperature Range. K. M. 
Miller. Aero Dig., Oct., 1956, pp. 60, 62 

Effect of Structural Flexibility on Air- 
craft Loading. I--Ground Loads. T. F 
O’Brien and T. H.H. Pian. II—Spanwise 
Airload Distribution. T.H. H. Pian and 
H.Lin. Load Dynamic 
Overstress. Gabriel Isakson and Norman 
P. Hobbs. IV—Horizontal Tail Maneu- 
vering Loads. Gabriel Isakson and Claude 
W. Brenner. V—Rapid Estimation of 
Some Effects of Aeroelasticity on Airload 
Distribution at an Abrupt Aileron De- 
flection. T. H. H. Pian and H. Lin. 
VII—A Graphical Method for Determin- 
ing the Dynamic Load of a Nonlinear 
Two-Degrees-of-Freedom System. H. 


Lin and T. H.H. Pian. VIII—Symmetric 
Airload Distribution Over a Thin Elastic 
Delta Wing with Subsonic Leading Edge 
at Supersonic Speed. H. Lin and T. H. 
H. Pian. IX—Lift and Moment Growths 
on a Swept, Tapered, Rigid Wing Upon 
Entering a Gust. F. O. Carta, T. H. H. 
Pian, and H. Lin. X—A New Lifting- 
Line Theory for the Unsteady Lift of a 
Swept or Unswept Wing in an Incompres- 
sible Fluid. S. F. Shen. XI—A General 
Parametric Study of Maneuvering Hori- 
zontal Tail Loads on a Flexible Airplane. 
kK. A. Foss. XII—The Gust Response of 
a Sweptback Tapered Wing Including 
Bending Flexibility. A. Codik, H. Lin, 
and T. H. H. Pian. USAF WADC TR 
6358 (Pts. I, II, III, IV, V, VII, VIII, IX, 
X, XI, XII.) [ATI 149164; ATI 128687; 
ATI 149162; ATI 149163; AD 14797; 
AD 25383; AD 25382; AD 17095; AD 
25290; AD 25381; AD 25280], July, May, 
Aug., 1951, Apr., 1952, Aug., Sept., June, 
July, Oct., 1953. 202, 203, 21, 112, 34, 27, 
68, 93, 41, 68, 52 pp. 272 refs. 

Effect of Structural Flexibility on Air- 
craft Loading. XIII——Vertical Tail Ma- 
neuvering Loads Without Banking Degree 
of Freedom. J. F. McCarthy, Jr., and 
A. A. Kirsch. XIV—An Analogue Study 
of Horizontal Tail Maneuvering Loads at 
Various Speeds for a Typical Bomber. S. 
J. Engel and J. F. McCarthy, Jr. XV—A 
Parametric Study of Symmetrical Land- 
ing and Taxiing Loads by Means of Ana- 
logue Computations. Mihran Ayvazian 
and T. F. O’Brien. XVII-—An Analogue 
Study of Nonsymmetrical Landing and 
Taxiing Loads and a Rational Formulation 
of the Symmetrical Spinup Loads Problem. 
T. F. O’Brien and M. Ayvazian. XVIII— 
Vertical Tail Maneuvering Loads with 


Banking Degrees of Freedom. A. A 
Kirsch and J. F. McCarthy, Jr. XX— 
Summary Report. T. H. H. Pian, K. A 
Foss, and T. F. O’Brien. USAF WADC 
TR 6358. (Pts. XIV, XV, 
XVIII, XX.), Nov., 1953, Apr., Mar., 
1954. 73, 35,91, 85, 88,92 pp. 171 refs 


Aeronautics, General 


Special Issue: 1956 Display. Brit 
Aircraft Ind. Bul., Oct., 1956. 10 pp 
Description of aircraft and engine types 
presented at the $.B.A.C. Flying Display 
and index to products and component 
manufacturers. 


Environmental Testing of Missiles and 
Aircraft at So. Cal. Research Seminar. 
SAE J., Oct., 1956, pp. 71-75. Abridged 
Contents: Space Travel, F. K. Everest, 
Jr. How to Live with MIL Specs, Ber- 
nard P. Moser. Inadequate Environ- 
ment Data Limit Aircraft Design, Ray M 


Daniel. Why Qualification Tests, R. J 
Garon. Air Force Test Requirements, 
John R. Grimm. Lab Tests Simulate 


Beachler, 
Tests Are 


Kinetic Environment, Robert R 
Jr. Systems Environmental 


Worth While, F. B. Cole, Jr 


Air Transportation 


Implications of the Adoption of Com- 
mercial Jet Aircraft. J. Air Law & Com- 
merce, Spring, 1956, pp. 147-179. 24 
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Weight-saving magnesium sheet (white areas) is used for leading edges, empennage, wheel doors and many other parts of F8U-1 Crusader. 


25% of external skin 


on record-breaking F8U-1 made with magnesium 


In Chance Vought’s F8U-1 Crusader, fastest U.S. fighter by 
oficial record, many precious pounds are saved by using 
magnesium. Designers called for a total of 166 magnesium 
external skin parts—25% of the wing and fuselage surface 
area, 275 magnesium sand castings ranging in weight from 
a few ounces to thirteen lbs. were used inside the skin. 
Weighing one fourth as much as steel and only two thirds 
as much as aluminum, magnesium gives you the best com- 
bination of strength and rigidity per pound. Its stiffness-to- 
weight ratio is the highest of any structural metal. 


YOU CAN DEPEND ON 


Magnesium permits clean, simplified designs—eliminates 
many stringers and detail parts. A selection of finishes pro- 
vides remarkable protection against corrosion. Machina- 
bility is excellent, too. Fabrication, fitting and joining prob- 
lems are always at a minimum. 

Magnesium can help you make better designs for fuselage, 
wings and interior parts. Sheet, extrusions, and castings 
can be readily produced to meet your requirements. Call 


your local Dow sales office, or write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, MA363GG-1. 
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Lockheed C-130A Hercules uses 
Stratos 2-Pad Bleed Air Turbine 
as generator, hydraulic drive 


A single constant speed air turbine drive 
does double duty aboard Lockheed’s 
C-130A Hercules logistics carrier. The 
45 hp unit, built by Stratos, operates on 
air bleed from the engine compressors 
and drives both a 400 amp generator 


MODEL TP25-2A 
Constant Speed 2-Pad Air-Turbine Drive 


and a hydraulic pump. Nominal output 
at the 6,000 rpm generator pad is 25 hp 
while the nominal rating at the 3,500 
rpm hydraulic pump pad is 18 hp. Fully 
qualified, the unit, Stratos Model 
TP25-2A, automatically maintains con- 
stant output speed regardless of input con- 


ditions or load. The integral overspeed 
protection has been proved reliable. 
Compact and light, the unit can be used 
in many applications where two sources 
of mechanical power are required. 

Shaft speeds other than the 6,000 and 
3,500 rpm ratings of the —2A model can 
be provided. Likewise, the available 
horsepower can be divided in other pro- 
portions to meet other requirements. 
Since such variations would require only 
a minimum amount of changes in gear- 
ing, units to meet specific requirements 
can be developed quickly. 

While the model TP25-2A — newest of 
Stratos’ line of constant speed turbine 
drives — is used to drive a DC generator 
in the C-130A application, speed control 
accuracy makes it suitable for use with 
alternators. As in other models, the fast- 
acting governor holds output speeds 
within 14 of 1% from no load to overload 
conditions at all altitudes. The units are 
extremely rugged — models of the TP25 
series have been whirl tested at 9Gs 
under full load to simulate aerobatics. 
Even under such conditions, speed varia- 
tion was only 1.9 per cent. 


Instantaneous application of 100% load 


3 1.5 SEC 
Speed Control % 100 
Characteristics 75 
of the TP25-2A 
during typical 
transient condition 5 25 

9 

0 1 2 3 4 5 6 7 8 9 10 
TIME—SEC 


For details on these and other Stratos auxiliary power turbines write to: 
STRATOS — Bay Shore, Long Island, N. Y. 
A Division of Fairchild Engine and Airplane Corporation 


refs. Partial Contents: 


Introduction, 
John H. Frederick. Airway Traffic Con- 
trol, William J. Welsh and Max M. Rule. 
Airline Financing and Operational Prob- 
lems, Franklin W. Donahue and Benja- 


min E. Perry. Airport Planning and 
Management, Charles S. Fraleigh, Jr., and 
Grace M. Goddard. Airline Scheduling; 
Route Patterns and Sales, Paul Shannon 
Cline. Airline Public Relations, Charles 
M. Boynton. The Jet Aircraft, Donald 
L. A. Sawyer. 

A Graphical Method for Determining 
the Aerodynamic and Economic Charac- 
teristics of Turboprop Air-Line Transport 


Systems. Ralph W. Allen. Aero. Eng. 
Rev., Dec., 1956, pp. 55-61. 
Passenger Air-Line Economics. Lloyd 


B. Aschenbeck. (JAS Natl. Summer 
Meeting, Los Angeles, June 18-21, 1956, 
Preprint 648.) Aero. Eng. Rev., Dec., 
1955, pp. 39-43. Analysis using market re- 
search techniques which take into account 
five basic factors as they relate to air-line 
transportation. Such factors are the 
economics of a country, the basic economy 
of a region within a country served by the 
carrier, fare structure, choice of efficient 
aircraft for the routes, and the extent of 
competition. 

Airline Evaluation of Transport Air- 
craft. A. E. Ades (CAI Annual General 
Meeting, Montreal, May 3, 4, 1956.) Can 
Aero. J., Oct., 1956, pp. 277-283. In- 
cludes considerations of air-line personnel 
structure, physical analysis, theoretical 
cost study, performance, operations plan- 
ning, and airport development 


Airplane Design 


Vanguard Freighter Project. Flight, 
Oct. 5, 1956, pp. 582, 583. Discussion of 
the capabilities of the Vickers turboprop 
transport as a cargo transport for short- 
and medium-haul stages. 

Cutaway Cutlass. Flight, Oct. 12, 
1956, p. 607, cutaway drawing. Descrip- 
tion of the Chance Vought F7U-3 Cutlass 

a high-speed, carrier-based, swept-wing, 
tailless aircraft powered by two after- 
burning Westinghouse J46 engines in the 
6,000-Ib.-thrust class. 

Revue des Principaux Avions Présentés 
a Farnborough en 1955. G. Bruner. 
Docaéro, Mar., 1956, pp. 3-20. In 
French. Review of the design, structural, 
and performance characteristics of aircraft 
shown at Farnborough, including bombers 
and experimental, fighter, and transport 
types 

An Italian Turbojet Trainer. The Aero 
plane, Sept. 28, 1956, p. 489, cutaway 
drawing. Design and performance char 
acteristics of the Macchi MB.326 trainer, 
powered by an Armstrong Siddeley Viper 
ASV.8 engine. 

Super Secret—Der sowjetische Delta 
Jager Suchoj 3, seine Kennzeichen und 
Leistungen. Flugwelt, Oct., 1956, pp 
681-684. In German. Description of 
the Soviet pursuit aircraft Suchoj 3, with 
details of its design and performance 
characteristics 


Cockpits 


Design, Fabrication and Test of Paned 
Canopy Assembly. USAF WADC TR 
54-394, Jan., 1954. 120 pp. Develop- 
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ment of a paned canopy assembly for 
fighter aircraft duplicating the external 
contours of the usual bubble type. 


Ejection Seats 


Ejection from High Speed Aircraft. 
James Martin. J. RAeS, Oct., 1956, pp. 
659-668. Review of the ejection seat de- 
velopment indicating the physiological 
considerations influencing the design, and 
outlining various tests necessary for per- 
fecting the standard seat. 


Landing Gear 


Band-Pass Shock and Vibration Ab- 
sorbers for Application to Aircraft Land- 
ing Gear. Appendix—Simplified Equa- 
tions of Motion for Low-Pass Shock 


Strut. Emanuel Schnitzer. 
NACA TN 3803, Oct., 1956. 27 pp. 


The Influence of Rope Stretch on Ten- 
sion Variations in Arresting Gears. N. I. 
Bullen. Gt. Brit., ARC R&M 2964 (July, 
1951), 1956. 388 pp. BIS, New York, 
$1.80. Description of a method for deter- 
mining the performance of an arresting 
gear as a whole without assuming the 
conventional hypothesis of an inextensible 
rope. The results, compared to actual 
values obtained from a gear, are applicable 
to the tension oscillations recurring in 
practice. 

The Effect of High Frequency Impact 
Loads on Airplane Landing Gears. F. W. 
Hodgdon. SAE Natl. Aero. Meeting, 
Los Angeles, Oct. 2-6, 1956, Preprint 828. 
8 pp. Discussion of the redesign of a tail 
bumper for carrier-borne aircraft which 
repeatedly failed in contact with the ar- 
resting cable. Test methods and results 
are presented. 

Landing Gear Shock Strut Inflation. 
K. S. Carter. Lockheed Field Serv. Dig., 
Nov.-Dec., 1956, pp. 1-11. Discussion of 
the development of strut-inflation meth- 
ods, the basic laws which govern strut in- 
flation, and the use of the strut-inflation 
placards. 


Operation & Performance 


Flying the G 82; Handling Character- 
istics of Fiat's Jet Trainer. Vico Rosa- 
spina. Flight, Oct. 12, 1956, p. 606. 


Airports 


Heliport Elevation. Thomas M. Sulli- 
van. AHS J., Oct., 1956, pp. 4, 5. Dis- 
cussion covering the amount of landing 
and hangar space necessary for large oper- 
ations and presenting criteria for selection 
between ground-level and elevated sites. 

Heliport Standards. Harry Bernard. 
AHS J., Oct., 1956, pp. 8-10. Discussion 
covering helicopter applications, the juris- 
diction of the CAA, and some basic 
considerations to be taken into account 
in planning for the establishment of heli- 
ports. Includes a_ suggested heliport 
layout. 

Stadiul Actual al Technicii Imbracdmin- 
tilor de Drumuri si Piste din Beton de 
Ciment. II. E. Focsanu. Rev. Trans- 
porturilor, Aug., 1956, pp. 317-320. In 
Rumanian. Evaluation of current tech- 
niques used for concrete runways. 


AERONAUTICAL REVIEWS 


Aviation Medicine 


Environmental Considerations of Space 
Travel from the Engineering Viewpoint. 
Alfred M. Mayo. J. Av. Med., Oct., 
1956, pp. 379-889. 20 refs. Discussion 
of problems which must be solved to per- 
mit man to travel in the outer space. The 
problems include the time-distance rela- 
tion, temperature, pressure, noise and vi- 
bration, radiation, meteor-collision escape, 
and physiological stresses. 

Problems Involving the Pilot and His 
Task; The Changing Emphasis in Avia- 
tion Medicine. Ashton Graybiel. J. Av. 
Med., Oct., 1956, pp. 397-406. 14 refs. 

Effects of Mechanical Force on Living 


Tissues. II—-Supersonic Deceleration 
and Windblast. John P. Stapp and C. D. 
Hughes. J. Av. Med., Oct., 1956, pp. 
407-413. 


An Evaluation of Test Items Measuring 
Motor Abilities. Jack A. Adams. USAF 
PTRC TN 56-55, May, 1954. 22 pp. 
16 refs. 


Computers 


Computers, Analog and Digital. Al- 
bert Boggs. Western Union Tech. Rev., 
Oct., 1956, pp. 150-155. Application of 
analog and digital methods to problems 
in electrical network theory. 

The Assembly of Large Programmes for 


the Automatic Computer Deuce. J. M. 
Watt. Gt. Brit, RAE TN M.S.31, 
July, 1956. 12 pp. Description of two 


schemes to combine subprograms (or 
bricks) for forming a complete program. 
The two methods are compared, and ad- 
vantages of each are outlined. 

On-Line Automatic Data Reduction. at 
the Arnold Engineering Development 
Center. David F. Taylor. USAF 
AEDC TN 56-13 |AD 98975], Oct., 
1956. 25 pp. Description of the system 
which is capable of measuring, scanning, 
computing, and presenting test results in 
one continuous operation. Includes de- 
scription of the operating modes of its 
components and discussion of the versa- 
tility, reliability, and efficiency of the sys- 
tem and of the components. Possible re- 
finements in the system are pointed out. 

Sistemul Aritmetic al Unei Masini 
Electronice de Calcul in Studiu si Reali- 
zare la Institutul de Fizica al Academiei 
R.P.R. V. Toma. Bul. Stiint. Sect. 
Stiint. Mat. Fiz., Jan.-Mar., 1956, -pp. 
223-235. In Rumanian. Description of 
the electronic computing device designed 
and fabricated at the Institute of Physics, 
Rumanian Academy. 

Logic on Electronic Computers: A 
Practical Method for Reducing Expres- 
sions to Conjunctive Normal Form. N. 
A. Routledge. Proc. Cambridge Philos. 
Soc., Apr., 1956, pp. 161-178. 

Linear Sweep-Voltage Generators and 
Precision Amplitude Comparator Using 
Transistors. L. C. Merrill and T. L. 
Slater. Elec. Commun., Sept., 1956, pp. 
228-233. USAF-sponsored design of a 
device for reducing size, weight, and power 
consumption and for retaining stability 
and accuracy requirements of modern elec- 
tronic data handling and computing equip- 
ment over a large temperature range. 


10) 


Solution of Algebraic Equations on an 
Analog Computer. C. R. Cahn. Rev. 
Sci. Instr., Oct., 1956, pp. 856-858. 

An Electrical Resistance Network Ana- 
logue for the Solution of Moment Distribu- 
tion Problems. S. Sved. Australian J. 
Appl. Sci., Sept., 1956, pp. 199-204 
Description of a computer in which the 
members of a rigid-jointed framework are 
represented by resistance networks. 

Tridac—A Research Flight Simulator. 
I, J. J. Gait and J. C. Nutter. Elec- 
tronic Eng., Sept., Oct., 1956, pp. 368-372, 
430-433. Description of the RAE large 
tridimensional analog computer, with dis- 
cussion of its basic computing elements 
and unique features, and a detailed analy- 
sis of the three approaches to the axis- 
transformation problem in terms of the 
machine’s requirements. Includes  de- 
scription of the three monitoring systems 
used and speculation on the capabilities of 
future computers. 

A High-Speed Parallel Adder for Elec- 
tronic Digital Computers. U.S., NBS 
Sum. TR 2011, May, 1956. 6 pp. 
Description of a device capable of adding 
two 53-binary-digit numbers in 1 microsec. 


Education & Training 


Some Conditions Affecting Quality, 
Consistency, and Predictability of Per- 
formance in Solving Complex Problems. 
Robert M. W. Travers, Joseph E. Mar- 
ron, and Andrew J. Post. USAF PTRC 
TN 55-27 (OTS PB 121071, $2.25.), 
Sept., 1955. 86 pp. 24 refs. Study of 
rational problem-solving behavior in which 
four administrative-type problems are de- 
veloped where the quality of the solution 
can be reliably scored. 

The Flight Simulator in Aircraft Control 
Research and Design. W. J. G. Pinsker. 
Gt. Brit., RAE TN Aero.2467, Aug., 1956. 
382pp. 12refs. Discussion of the possibil- 
ities of simulating manually controlled 
flight, and description of the principal 
types of flight simulators, with particular 
emphasis on the importance of realistic 
visual and physical flight impressions. 

Radar Simulator Trains Missile-Master 
Crews. George W. Oberle. Electronics, 
Nov., 1956, pp. 155-157. Description of 
a 30-target radar simulator used to train 
personnel working with the Missile Master 
antiaircraft fire-control computer—a spe- 
cial-purpose digital computer working in 
real time and designed to receive radar 
and other data and to issue orders to 
guided-missile and other antiaircraft bat- 
teries stationed in an area. 

Survey of Training Characteristics of 
the B-52 Flight Simulator. David C. 
Killian. USAF PTRC TN 56-69, June, 
1956. 26 pp. Study to determine modifi- 
cations needed for a B-52 simulator because 
of training incidents in flight which could 
not be duplicated by the simulator and of 
retroactive engineering changes in the air- 
craft itself. 


Electronics 


The Role of the Design Engineer in the 
Field Support of Complex Airborne Elec- 
tronic Equipment. H. Walcott Brown, 
Jr. IRE Trans., ANE Ser., Sept., 1956, 
pp. 117-121. 
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Recent Trends in Aviation Electronics. 
E. Kramar. I[nteravia, Oct., 1956, pp. 
784-786. Discussion of new construction 
techniques, and developments in naviga- 
tion, communications, and radar. 

Electronic Problems Encountered in 
High Speed Commercial Jet Aircraft. 
R. H. Jerome. IJnteravia, Oct., 1956, pp. 
791, 792. 

Estimation of Reliability Growth in a 
Complex System with a Poisson-Type 
Failure. Herbert K. Weiss. Operations 
Res., Oct., 1956, pp. 5382-545. Develop 
ment of methods for fitting typical relia 
bility growth curves to experimental data 
by the method of maximum likelihood. 
Mathematical models are also developed 
for an idealized engineering development 
process to provide a basis for the selection 
of a suitable growth curve. 

Transmissions Hydrauliques 4 Vitesse 


Constante—-Sundstrand et General Elec- 
tric Co. L. Piérard. Docaéro, Mar., 
1956, pp. 29-38. In French. Evalua- 


tion of hydraulic transmission, with de- 
tails of the Sundstrand and G-E 20 kVA 
and 40 kVA transmission used 
as air-borne a.c.-producing equipment 

On a Method for Optimization of Time- 
Varying Linear Systems with Nonstation- 
ary Inputs. Marvin Shinbrot. U.S, 
NACA TN 3791, Sept., 1956. 39 pp 

An Impulse Interference Blanker for 
Communications Receivers. Robert En 
gels. JRE Trans., CS Ser., Oct., 1956, 
pp. 22-26. Description of the blanker 
which facilitates close-in operation of com- 
munications receivers with high-power 
pulsed equipment (e.g., radar) of present 
and projected design, and which is so 
synchronized with the interfering pulse 
that it generates a blanking gate applied 
to the local oscillator of the affected re- 
ceiver. 

Waveguide Surface Finish and Attenua- 
tion. I. J. Allison and F. A. Benson. 
Electronic Eng., Nov., 1956, pp. 482-487 
23 refs. Data on the surface finishes of 
drawn, mechanically lined, sprayed, cast, 
electroplated, electropolished, chemically 
polished and electroformed wave guides. 

Magnetic Flux Meter for Measuring in 
Three Dimensions. Martin Miiller. Elec 
Commun., Sept., 1956, pp. 220-228. De 
velopment of a magnetic flux meter capa 
ble of measuring three components of 
narrow cylindrical magnetic fields such as 
are required for focusing of electron beams 

Theory of a Triode Oscillator with Feed- 
back. V. A. Zorye. Soviet Physics 
Tech. Physics, No. 1, 1956, pp. 176-192 
11 refs. Translation. Method for de 
signing a triode oscillator, taking into ac 
count the effect of grid currents and elec 
tron transit time in the tube. 

Selection and Application of Quartz 
Crystals. Harold Edelstein. Tele-Tech, 
Nov., 1956, pp. 56-58, 152-154 ff. Re 
view of the various cuts of crystals and de 
scription of testing procedures and oper 
ating problems as a guide to circuit design 
ers. Includes study of the comparative 
ability of several crystal operator circuits 


systems, 


Amplifiers 


Operation of a Transistor Amplifier in 
the Egression Mode. \. I. Stafeev, 
V. M. Tuchkevich, and N. S. lakovechuk. 
Soviet Physics—Tech. Physics, No. 1, 


AERONAUTICAL 


ENGINEERING REVIEW 


1956, pp. 11-16. Translation. Experi 
mental investigation which that 
germanium transistors placed in an egres 
sion mode operate in a stable manner at 
higher temperatures, and that the power 
amplification is higher than for the injec- 
tion mode. A combination of egression 
and injection modes permits the power 
output to be held approximately constant 
at a specified oscillatory power for con 
siderable variation in temperature 

Magnetic Amplifiers for High-Per- 
formance Power Servos. Gerard P. de 
Westfelt. Elec. Mfg., Nov., 1956, pp 
114-120. Discussion of the magnetic 
power drives for replacing thyratron-con 
trolled servos on radar antennas 

A Wide Band Differential Amplifier of 
Unity Gain. J. C. S. Richards. Elev 
tronic Eng., Nov., 1956, pp. 499-501 

Transistor D.C. Amplifier; Low-Noise 
Circuit for Millimicroampere Signals. 
D. M. Neale and Francis Oakes. Wireless 
World, Nov., 1956, pp. 529-582. Deserip 
tion of an amplifier which provides a cur 
rent gain of 1,000 A push-pull 
grounded-emitter followed by a 
push-pull grounded-collector stage. <A 
fifth transistor in 
limits the effect « 
variations 


shows 


amps 


Stage 15 


negative feedback loop 
f collector leakage current 
stabilizing the first 

restricts the effect 


and, by 
stage collector volt ige, 
of transistor noise 


Transistor R.F. Amplifiers. II ~-Prac- 
tical Circuits with Neutralization and 
Automatic Gain Control. D. D. Jones 


Wireless World, Nov., 1956, pp. 544-546 

A Tetrode Transistor Amplifier for 5-40 
MC. Roger R Webster Tele-Tech, 
Nov., 1956, pp. 62-64, 124-126 ff. De 
sign features and gain and bandwidth data 
on a new high-frequency amplifier using 
neutralized gain with conjugate source and 
load impedance. Gain are de 
scribed for use at 5, 12, and 30 me 

Audio Amplifier Delivers 3,000 Watts. 
Alexander B. Bereskin. Electronics, Nov., 
1956, pp. 162, 1638 Description of a 
power amplifier for direct air-to-ground 
communication which 1-1000A 
mitting-tvpe tetrodes to 
drive loudspeakers mounted on an air 
plane, and whose output is obtainable over 
a frequency range from 400 to 4,000 eps 
with less than 2 per cent distortion and 
with a hum level of 57 Ibs. down at full 
power output 


test sets 


uses two 
air-cooled tran 


Antennas 

Designing Open Grid Parabolic An- 
tennas. FE. F. Harris. Tele-Tech, Nov., 
1956, pp. 60, 61, 110. Development. of 
boundary conditions for total reflection, 


and description of a device for minimizing 
wind and ice loading 


Microwave Aerial Testing at Reduced 


Ranges. David kK. Cheng Wireless 
Engr., Oct., 1956, pp. 234-287. Methods 


for defocusing the 
to make radiatir 
at reduced 


primary feed in order 
m-pattern measurements 
Three different ap 
nsidered: the geometrical, 
ind ellipsoidal-reflector 
Aerial Pattern Synthesis; Use of Pois- 
son’s Formula. Herbert E. Salzer. Wire- 
less Engr., Oct. 1956, pp. 240-244. De 
velopment of a method which presents an 
entirely independent technique for finding 
feeding coefficients, using only 


ranges 
proaches are c 
aperture-phase, 
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Through the 
efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 
Among them are: 
air-conditioning 
pressurization 
heat transfer 
pneumatic valves and 
controls 
electronic computers 
and controls 
turbomachinery 
The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
... mechanical engineers 
... mathematicians ... specialists in 
engineering mechanics... electrical 
engineers... electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 
Address Mr. G. D. Bradley 
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Four-speed actuator 

cal 

rs AiResearch two-motored unit provides automatic control plus an 

ae instantaneous manual override at the work end of its Air Data System 

es, 

- During high-speed flight, where The unit operates with complete We are now engaged in the de- 

at control is so delicate it is often by | dependability at ambient tempera- velopment of Air Data Systems of 
trim surfaces ‘alone, immediate _ tures up to 300°F. all types, assuming full system 

na response under emergency condi- AiResearch actuators operate on responsibility. Because we manu- 

ley tions is of critical importance. The __ split-field or permanent magnet DC _facture the entire system, including 
actuator shown allows immediate motors, on AC servo motors or on transducers, computers and actu- 

> se pilot override of the automatic sys- single-phase, two-phase or three- _ators, you are assured of the utmost 

vd. tem without any disconnect activity phase AC motors. They can supply in system compatibility. 

if. or mechanical clutching device. If feedback signals to the control and Outstanding opportunities for 

. necessary any one of four speeds __ be provided with neutral position- _—_ qualified engineers. Write for infor- 

on may be instantaneously selected. _ing and light-switches, mation. 

ing, 

trial 

pers THE roe ATION 
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AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Designers and manufacturers of aircraft systems and Components: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 


CABIN AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 


= 
_ 


turn to AMPHENOL for the RF 


components they need for these important reasons: 


1 AMPHENOL manufactures all popular Series, offering a 
large availability listing of standard connectors. 


2 AMPHENOL manufactures the coaxial cable to match its 
connectors. Only AMPHENOL has assumed this engineer- 
ing responsibility for proper cable/connector fit. 


3 AmpPHENOL works with you on “specials” and adaptations 
of standards that point the way to engineering advances 
in this critically important field. 


Recent AMPHENOL “firsts” in RF connectors and cables 
include Captivated Contact* and Subminax connectors, 
Teflon tape coaxial cable, Subminax Teflon coaxial cable 
and Teflon cable with non-magnetic conductors. AMPHENOL 
leads in the manufacture of approved RG-/U Teflon dielec- 
tric coaxial cables. 

*PATENT PENDING 

Are you on our mailing list for catalogs, technical 


ole data or our monthly publication “Engineering News”? 
Write us on your letterhead for this valuable service. 


case of the Poisson formula to obtain ex- 
tremely sharp patterns for broadside ar- 
rays. 

The Probe Excited Airframe as a High 
Frequency Antenna. W. L. Curtis, T. G. 
Dalby, and F. S. Holman. JRE Trans., 
ANE Ser., Sept., 1956, pp. 121-124. Meas- 
urements of radiation patterns and im- 
pedance of an electrically isolated probe 
mounted at a number of positions on a B-47 
aircraft. 


Capacitors 


The Behaviour of Layer Resistors, Ca- 
pacitors and Inductors, in the Frequency 
Range 10 to 200 Mc/s. II—Capacitors. 
W. Mansfeld. (Nachrichtentechnik, No. 
6, 1952, pp. 185-189.) Gt. Brit., RAE 
Lib. Transl. 591, Sept., 1956. 15 pp. 

The Influence of the Inherent Induct- 
ance of Wound Capacitors on Their Im- 
pedance. L. Linder and J. Schnieder- 
mann. (Elektrotech. Zeitschrift, No. 27, 
1939, pp. 793-798.) Gt. Brit., RAE Lib. 
Transl. 592, Sept., 1956. 16 pp. 


Delay Lines 


A New Type of Variable Delay Line. 
F. D. Lewis and Robert M. Frazier. 
Gen. Radio Exp., Oct., 1956. 8 pp. De- 
scription of a variable delay line with an 
impedance of 200 ohms and a time delay 
of 0.5 microsec. 

ATC Transponder—The Design and Ap- 
plication of a Magnetostriction - Delay 
Line for Coding Purposes. Vernon L. 
Johnson. JRE Trans., ANE Ser., Sept., 
1956, pp. 113-116. 


Dielectrics 


Research Progress in Dielectrics —1956. 
Alex. E. Javitz. Elec. Mfg., Nov., 1956, 
pp. 94-108. Survey of new develop- 
ments which include  glass-reinforcing 
materials in the form of flakes and sol- 
ventless silicones for void-free impreg- 
nation. Also includes discussion of re- 
cent research studies in the dielectric field. 

On the Theory of Multilayer Two-Com- 
ponent Dielectric Coatings. V. V. Su- 
khanovskii. Soviet Physics —Doklady, No. 
1, 1956, pp. 24-27. 11 refs. Translation. 
Consideration of the case in which a multi- 
layer, dielectric coating is formed by thin, 
transparent, and isotropic dielectric films 
of any two materials, one of which pos- 
sesses a comparatively low, and the other 
a fairly high, refractive index. Matrix 
and algebraic calculations are carried out 
for the case of all angles of incidence of a 
plane monochromatic wave on a_ two- 
component dielectric coating. 


Magnetic Devices 


Special Issue: Ferrites. Proc. IRE, 
Oct., 1956. 509 pp. 465 refs. Partial 
Contents: A Survey of the Properties and 
Applications of Ferrites Below Micro- 
wave Frequencies, C. Dale Owens. Fun- 
damental Theory of Ferro- and Ferri- 
Magnetism, J. H. Van Vleck. Magnetic 
Resonance in Ferrites, Nicolaas Bloem- 
bergen. The Nonlinear Behavior of 
Ferrites at High Microwave Signal Levels, 
Harry Suhl. Microwave Resonance Re- 
lations in Anisotropic Single Crystal 
Ferrites, Joseph O. Artman. Dielectric 
Properties of and Conductivity in Fer- 
rites, LeGrand G. Van Uitert. Intrinsic 
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Tensor Permeabilities on Ferrite Rods, 
Spheres, and Disks, E. G. Spencer, L. A. 
Ault, and R. C. LeCraw. Permeability 
Tensor Values from Waveguide Measure- 
ments, E. B. Mullen and E. R. Carlson. 
The Elements of Nonreciprocal Micro- 
wave Devices, C. Lester Hogan. Fre- 
quency and Loss Characteristics of Micro- 
wave Ferrite Devices, Benjamin Lax. 
Ferrites as Microwave Circuit Elements, 
Gerald $S. Heller. Topics in Guided- 
Wave Propagation in Magnetized Fer- 
rites, Morris L. Kales. Magnetic Tun- 
ing of Resonant Cavities and Wideband 
Frequency Modulation of Klystrons, 
G. R.. Jones, J. C. Cacheris, and C. A. 
Morrison. Ferrite Directional Couplers, 
A. D. Berk and E. Strumwasser. Three 
New Ferrite Phase Shifters, Howard 
Scharfman. Ferrite-Tunable Filter for 
Use in S Band, James H. Burgess. 

Harnessing Ferrites for Electronics. 
H. W. Katz and E. B. Mullen. G-E 
Rev., Nov., 1956, pp. 40-45. Discussion 
of new applications of ferrites based on 
frequency and shape of the magnetization 
curve. 


Noise & Interference 


Minimizing Noise in Electronic Sys- 
tems. R. L. Wendt. Tele-Tech, Nov., 
1956, pp. 72-75, 144. Discussion of the 
causes of capacitive, leakage, conductive, 
and inductive noise pickup, and of prac- 
tical preventive measures. 

New Mechanism for the Generation 
of Flicker Noise in Tubes with Oxide- 
Coated Cathodes. W. W. Lindemann 
and A. Van Der Ziel. J. Appl. Phys., 
Oct., 1956, pp. 1,179-1,183. 10 refs. 


Radar 


The Radar Display as a Linear Filter. 
Daniel Levine. JRE Trans., ANE Ser., 
Sept., 1956, pp. 124-128. 

Waveguide Hybrid Circuits and Their 
Use in Radar Systems. J. W. Sutherland. 
Electronic Eng., Nov., 1956, pp. 464 
469. 11 refs. Description and compari- 
son of the properties of principal types of 
wave-guide hybrid, including balanced 
duplexers, balanced mixers and wave 
guide switching, and adding and _ sub- 
tracting circuits. 


Semiconductors 


Bias Stabilization of Tandem Transis- 
tors. R. B. Hurley. Tele-Tech., Nov., 
1956, pp. 71, 189-140 ff. Analysis to 
derive theoretical conditions for perfect 
bias stability, with recommendations for 
practical compromises. 

Field-Effect Measurements and Appli- 
cation to Semiconductor Surface Studies. 
Shyh Wang. Sylvania Tech., Oct., 1956, 
pp. 111-114. 11 refs. Method for study- 
ing the surface properties of a semiconduc- 
tor by applying an electric field to a semi- 
conductor surface and observing the 
subsequent change in surface conduct- 
alice 

Thermo- and Galvanomagnetic Effects 
in Semiconductors, Taking Into Account 
the Variation in the Concentration of Cur- 
rent Carriers. I—Thermo- and Galvano- 
magnetic Effects in Weak Fields. II— 
Galvanomagnetic Effects in Strong Fields: 
Electron and Phonon Thermal Conductiv- 
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ity. G.E. Pikus. Soviet Physics—Tech. 
Physics, No. 1, 1956, pp. 17-46. 19 
refs. Translation. Analysis of semi- 
conductors considering the variation in 
the concentration of hole and electron 
pairs for weak fields when the concen- 
tration differs little from the equilibrium 
concentration, and for strong fields when 
the concentration of pairs is radically 
different from the equilibrium concentra- 
tion. 

The Maximum Power of Junction 
Semi-Conductors. J. P. Vasseur. (Ann. 
Radioelec., No. 43, 1956, pp. 3-28.) Gt. 
Brit., RAE Lib. Transl. 586, Aug., 1956. 
42 pp. Analysis to determine universal 
curves for the maximum power applicable 
to a junction semiconductor element. 


Telemetry 


Télémesure sur Engins Spéciaux. D. 
Laurent. Docaéro, Jan., 1956, pp. 29-388. 
In French. Investigation of modulation, 
multiplex, and telemetering systems, in- 
cluding weight and size considerations for 
electronic equipment. 

Portée des Liaisons de Télécommunica- 
tion en U.H.F. (225 @ 400 Mc/s). S. 
Zisler. Docaéro, May, 1956, pp. 29-40. 
In French. Study of UHF telecommuni- 
cation systems covering the interference 
zone, the diffraction correction, and such 
parameters as the emitting and receiving 
power, antenna size, and ground contour. 


Ob Odnom ({Metode Vremia-Im- 


pul’snogo Preobrazovaniia. I. A. Za- 
khariia and V. N. Mikhailovskii. Avto- 


matika & Telemekhanika, Sept., 1956, pp. 
836-846. In Russian. Evaluation of a 
method of transforming rectangular pulse 
voltages into proportional lengths of time 
between leading edges of two pulses fed 
with high-frequency fluctuations. Re- 
sults of the analysis point out the ap- 
plicability of this method to telemetering 
systems. 


Transmission Lines 


H-Guide—A New Microwave Concept. 
Friedrich J. Tischer. Tele-Tech, Nov., 
1956, pp. 50, 51, 130-134 ff. Descrip- 
tion of the propagation theory, field 
strength and energy transport properties, 
field components, and applications of the 
device. 

Resistive Fins Improve Wavemeter 
Tuning. Koryu Ishii. Tele-Tech, Nov., 
1956, pp. 59, 128. Description of a finned 
power absorber which eliminates spurious 
responses in cavity wavemeters and gives 
improved tuning characteristics. 

Reduction of Adjacent-Channel Inter- 
ference from On-Off Keyed Carriers. 
A. D. Watt, R. M. Coon, and V. J. Zurick. 
IRE Trans., CS Ser., Oct., 1956, pp. 41-58. 

Determinarea Conditiilor de Lucru in 
Regim Cvasistationar si Calculul Distor- 
siunilor in Cazul Modulgjiei de Frecventa. 
Al. Spataru. Bul. Stiint. Sect. Stiint. Mat. 
Fiz., Jan.-Mar., 1956, pp. 247-260. In 
Rumanian. Determination of operating 
conditions in the quasi-stationary regime, 
and distortion calculation for the case of 
frequency modulation. 


Wave Propagation 


The Calculation of the True Heights of 
Reflection of Radio Waves in the Iono- 


105 
sphere. W. J. G. Beynon and J. O. 
Thomas. J. Almos. & Terrestrial Phys., 


Oct., 1956, pp. 184-200. 25 refs. Dis- 
cussion of the calculation method based 
on the variation of the virtual height of 
reflection with frequency as it is used to 
determine parabolic electron-density dis- 
tributions; extension of the existing the- 
ory to include the case of reflections from 
contiguous parabolic sections or truncated 
parabolas; derivation of a convenient 
basic expression for the variation of 
virtual height with frequency in terms 
of the layer parameters; and develop- 
ment of calculation methods for the tone 
critical frequency of the truncated layer 
in terms of the observed cusp frequency, 
which may be used to give a rapid pro- 
cedure for obtaining the layer param- 
eters. 

Electron Waves in Retardation (Slow- 
Wave) Systems. I-—-General Theory. II 

Specific Problems. L. A. Vainshtein. 
Soviet Physics—Tech. Physics, No. 1, 
1956, pp. 119-114. 13 refs. Translation. 
Discussion based on the theory of wave- 
guide excitation and on the variation 
method. A derivation is made of the 
characteristic equation of the electron 
waves, and the solutions of this equation 
are investigated. 

On Radiation Conditions. J. J. Stoker. 
Commun. on Pure & Appl. Math., Aug., 
1956, pp. 577-595. ONR-sponsored con- 
sideration of a method for studying linear 
wave-propagation problems which are 
time dependent as initial-value problems. 
Two special cases to which such a program 
is applicable are discussed, and an ele- 
mentary solution is derived for the prob- 
lem of diffraction around a slit. This 
solution is based on a recently formulated 
uniqueness theorem for the problem. 


Equipment 
Electric 


Puissance des Machines Electriques en 
Altitude ; Machines Autoventilées 
Machines Soufflées. A. Sageau. Do- 
caéro, Jan., 1956, pp. 15-28. In French. 
Calculation of thermal quantities in- 
volved in normal operation and at in- 
creased speed and altitude for auto-venti- 
lated and ancillary-cooling systems. 

Exterior Lighting for Naval Aircraft 
(Second Interim Report). Appendix A— 
Data Collection Technique. Appendix 
B—Coding Manual and Examples from 
Interviews. Appendix C—Raw Data 
Summary. George E. Rowland, Douglas 
Y. Cornog, and Douglas Courtney. 
Courtney & Co. Rep. 9, Aug. 15, 1956. 150 
pp. 


Hydraulic & Pneumatic 


Raschet Staticheskoi Kharakteristiki 
Pnevmaticheskogo Rele. V.H. Dmitriev. 
Avtomatika & Telemekhanika, Sept., 1956, 
pp. 761-774. In Russian. Discussion 
of three methods for calculating the static 
characteristics of pneumatic relays, tak- 
ing into account the variability of con- 
sumption factors of relay chokes. In- 
cludes a comparison of theoretical and 
experimental static characteristics. 
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Flight Operating Problems 


Operational Performance Standards for 
Civil Aircraft. R. E. Gillman. J. Jnst. 
Navigation, Oct., 1956, pp. 486-443. Dis- 
cussion of the methods for determining and 
for using performance curves. The com- 
putation of minimum take-off distance is 
examined. 


Flight Testing 


Flight Testing for an Industry. The 
Acroplane, Oct. 12, 1956, pp. 558, 559. 
Discussion of the duties of test pilots for 
Great Britain’s Air Registration Board. 


Fuels & Lubricants 


Effect of Additives on Jet Fuel Stability 
and Filterability. A.C. Nixon and H. B. 
Minor. Ind. & Eng. Chem., Oct., 1956, 
pp. 1,909-1,916. 12refs. Includes deter- 
mination of soluble and insoluble gum, 
aging conditions, filterability, and high- 
temperature stability. 

Spectrophotometric-Cuprethol Method 
for the Quantitative Determination of 
Copper in Aviation Fuels. O. M. Ballen- 
tine. USAF WADC TR 54-596 (OTS 
PB 111888, $0.50), May, 1955. 9 pp. 

Effect of Oxygen Concentration in At- 
mosphere on Oil Lubrication of High- 
Temperature Ball Bearings. Z. N. Ne- 
meth and W. J. Anderson. Lubrication 
Eng., Sept.-Oct., 1956, pp. 327-330. 14 
refs. 

Selecting Lubricants for High-Perform- 
ance Ball Bearings. T. E. Rounds. 
Mach. Des., Oct. 18, 1956, pp. 101-106. 
Criteria relevant to bearings for opera- 
tions at speeds of 20,000 to 30,000 r.p.m. 
over temperature ranges of —65° to 400° 
F. or higher. 

Lubrication in the Presence of Nuclear 
Radiation. J. G. Carroll and R. O. Bolt. 
Lubrication Eng., Sept.-Oct., 1956, pp. 
305-309. Investigation of the effects of 
pile radiation on the lubrication of bear- 
ings and gears indicating that the radia- 
tion damage markedly shortens the useful 
life of lubricants. 

Capillary Viscometry of Lubricating 
Grease. L. C. Brunstrum and R. H. 
Leet. Lubrication Eng., Sept.-Oct., 195€, 
pp. 316-322. 23 refs. 

Theoretical Performance of JP-4 Fuel 
and Liquid Oxygen as a Rocket Propel- 


lant. II—Equilibrium Composition. 
Vearl N. Huff, Anthony Fortini, and 
Sanford Gordon. U.S., NACA RM 


E56D23, Sept. 7, 1956. 47 pp. 15 refs. 
Calculation of theoretical rocket perform- 
ance for an equilibrium composition of fucl 
during expansion, performed at two cham- 
ber pressures and with several pressure 
ratios and oxidant-fuel ratios. 


Ice Formation & Prevention 


Ice Accretion on Aircraft in Warm- 
Front Conditions. Appendix—Equivalent 
Spherical Ice Crystal. A. C. Best. 
Meteorological Mag., Sept., 1956, pp. 257 
263. Direct derivation of an approxi- 
mate criterion for the maintenance of a 
relative humidity of 100 per cent with re- 
spect to liquid water in ascending air which 
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contains ice particles, in order to deter- 
mine the potential icing 
conditions 


existence of 


Instruments 


Special Issue: 1957 Handbook and 
Buyers’ Guide. Jnstruments & Automa- 
tion, Oct., 1956, Pt. II. 296 pp. Exten- 
sive coverage of products and manufac- 
turers. 


Acceleration Measurements During 
Drop Tests. D. A. Webber. Gt. Brit., 
RAE TN Struc.198, July, 1956. 15 pp. 


Test results of an extensive drop-testing 
program on a complete aircraft into which 
four types of accelerometers were fitted 
The obtained acceleration readings and 
the relative merits of the four instruments 
designed for this special purpose are com- 
pared. 

On an Electrically-Driven Gyro Horizon 
with Laterally Tilted Axis Which Can Pre- 
vent the Occurrence of Turning Errors. 
Shinichiro Takeda. J. Japan Soc. Aero 
Eng., Sept., 1956, pp. 1-6. In Japanese. 

K Teorii Girogorizontkompasa. A. Iu 
Ishlinskii Prikl. Mat. 1 Mekh., June- 
Aug., 1956, pp. 487-499. In Russian 
Development of the theory of gyro hori- 
zons, With description of design, compo 
nents, and operational characteristics. 

Engineering Techniques in the Simula- 
tor Evaluation of Flight Information Dis- 
plays. Frank Klimowski, Jr. IRE 
Trans., ANE Ser., Sept., 1956, pp. 128 
135. Analysis to develop techniques for 
reducing the operational delays in the 
production of an experimental display, 
for providing an experimental system and 
for obtaining performance data. Display 
synthesis, programable facilities, auto 
matic processing of syllabuses, flexible func- 
tion generation and function sequencing, 
and the use of d.c. analog computers for 
real-time performance measurements are 
recommended 

Dual Objective Optical Micrometer for 
Strain Measurements. Ralph Papirno, 
Arthur C. Gilbert, and Herbert Becker 
Rev. Sci. Instr., Oct., 1956, pp. 854, 855. 
Description of an instrument in which the 
images of two reference marks on a speci- 
men are brought to a focus in one field on 
the reticle scale of a filar micrometer eye- 
piece. The relative displacement of the 
images is measured by the eyepiece, and 
the readings are reduced to strain by use of 
a calibrated magnification factor 


Automatic Control 


Opredeleniie Optimal’nykh Parametrov 
Reguliatora dlia Regulirovaniia Ob’ektov 
s Zapazdynvaniem. S. A. Levitan. Av 
tomatika & Telemekhanika, Sept., 1956, 
pp. 853-856. In Russian. Development 
of a method for determining optimal 
parameters of a controller, based on the 
analysis of the behavior of the control time 
response. 

Primenenie Operatsii D-Razbieniia dlia 
Postroeniia Kornevykh Kharakteristik i 
Issledovaniia Kachestva Sistem Avtomati- 
cheskogo Regulirovaniia. Iu. A. Gopp. 
Avtomatika & Telemekhanika, Sept., 1956, 
pp. 789-798. 14 refs. In Russian. Ap- 
plication of D-decomposition to the 
plotting of root loci and to the analysis of 
automatic-control systems reliability. 
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Ob Opredelenii Periodicheskikh Rezhi- 
mov v Nelineinoi Dinamicheskoi Sisteme s 
Kusochno-Lineinoi Kharacteristikoi. M. 
A. Aizerman and F. R. Gantmakher. 
Prikl. Mat. i Mekh., Sept.-Oct., 1956, pp. 
639-654. 12 refs. In Russian. Deter- 
mination of periodic cycles in nonlinear 
dynamic systems with partially linear 
characteristics. 

K Sintezu Parallel’nykh Korrektiruiu- 
shchikh Ustroistv Slediashchikh Sistem 
Metodom Logarifmicheskihh Chastotnykh 
Kharakteristik. S. M. Fedorov. Avtlo- 
matika & Telemekhanika, Sept., 1956, pp. 
847-852. In Russian. Analysis of the 
synthesis of parallel corrective circuits of 
servosystems, using the logarithmic-fre- 
quency characteristics method. 

Electrohydraulic Servo Valves. I 
General Discussion of Types of Electro- 
hydraulic Servo Valves. II—-Considera- 
tion in the Selection of Electrohydraulic 
Servo Valves. Bernard A. Johnson, Lee 
D. Schmid, and Jay Warshawsky. Cook 
Tech. Rev., Oct., 1956. 25 pp 
tion of various types of servo valves and 
discussion of how the system’s character- 
istics affect valve performance 

K Zadache ob Avtokolebaniiakh v Sis- 
temakh Avtomaticheskogo Regulirovaniia 
s Dvumia Servomotorami Postoiannoi 
Skorosti. V. A. Troitskii. Prik/l. Mat. i 
Mekh., Sept.-Oct., 1956, pp. 627-638 
In Russian. Derivation of an _ exact 
solution to the problem of autovibration 
in automatic-control systems 


Descrip- 


Flow Measuring Devices 


Absolute Low Speed Anemometer. 
R. E. Walker and A. A. Westenberg 
Rev. Sci. Instr., Oct., 1956, pp. 844-848. 
Description of an anemometer, suitable 
for measurements in gases under a wide 
variety of conditions, which utilizes the 
temperature fluctuations in the wake of a 
sinusoidally heated fine wire as tracer 

Review of the Pitot Tube. R. G. Fol- 
som. (ASME Diamond Jubilee Annual 
Meeting, Chicago, Nov. 13-18, 1955.) 
Trans. ASME, Oct., 1956, pp. 1,447 
1,460. 130 refs. Summary of the avail- 
able data on the application of various 
types of impact and velocity probes for 
guidance in design of flow instruments for 
specific applications. 

A Practical Pulsation Threshold for 
Flowmeters. V.P. Head. (ASME Dia- 
mond Jubilee Annual Meeting, Chicago, 
Nov. 13-18, 1955.) Trans. ASME, Oct., 
1956, pp. 1,471-1,479. 18 refs. Includes 
presentation of an equation suitable for 
estimating the error range at various in- 
tensities, and consideration of the problem 
of correlating attenuator performance and 
meter response. 

Wind-Tunnel Calibration of a Com- 
bined Pitot-Static Tube and Vane-Type 
Flow-Angularity Indicator at Mach Num- 
bers of 1.61 and 2.01. Archibald R. Sin- 
clair. and William D. Mace i. 
NACA TN 3808, Oct., 1956. 11 pp. Re- 
sults of tests on a flow-angularity indica- 
tor for research aircraft. 


Pressure Measuring Devices 


Pulsation Errors in Manometer Gages. 
T. J. Williams. (ASME Diamond Jubilee 
Annual Meeting, Chicago, Nov. 13-18, 
1955.) Trans. ASME, Oct., 1956, pp. 
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table 
wide Bigger loads and higher speeds of tomorrow’s 
> the | airliners take a lot more in bearing performance— 
ofa | Today’s new Boeing Jet Stratoliner will and Shafer Aircraft Bearings are providing it. 

catty 130 passengers speeds in the 555 Thethree main reasons for Shafer being specified are: 

Fol- m.p.h. range, making five-hour commer- : ‘ pecs 
nual cial coast-to-coast operations common. 1) Automatic self-alignment—even under oscillatory 
955 ) loads. Only Shafer offers this advantage that solves a 
‘447 j severe problem in modern aircraft design. 
2) Full capacity—ander combined loads. Double row 
rious bearings carry any radial-thrust combinations on 
s for full contact area under any misalignment. 
ts for 3) Relubrication—without disassembly. Lubricating 

groove allows burying Shafer in any member 
1 for provided with lubricating fitting. 

Dia These and other specialized Shafer® Aircraft Bearing 
fly features save valuable engineering time...save space 
ies and weight in finalized design...and save time 
a and expense in man-hours. 
ic an: Why not see how they can save for you? 
sblem Write, wire or call: Shafer Aircraft Bearing Division, 
e and single row bearing, rod end 801 Burlington Ave., Downers Grove, Il. 

and torque tube bearings. De- Meanwhile, write for new full-color catalog No. 54. 

Com- sign features 10° plus or minus 
‘Type self-alignment...easy relubri- 
— cation without disassembly... 
exceptional shock-load re- 
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“TORQUE WRENCH’ 


Formulas UPON REQUEST 
Applications 

Engineering Data 

Screw Torque Data 
Adapter Problems 


General Principles 


/co. 
ADDISON [QUALITY) /LLINOIS 


Manufacturers of over 85% of the torque 
wrenches used in industry 


for every electrical circuit 


These electrical connectors are designed and built to 
provide maximum performance under the most rugged 


operating conditions. 


Well recognized for outstanding characteristics of 


There’s a dependable 


1,461-1,469. 10 refs. Analysis of factors 
contributing to errors in a manometer 
system when the gas-pressure differential 
is pulsating, and establishment of re- 
quirements for their elimination. A dif- 
ferential manometer capable of indicating 
the true time-mean of a pulsating head is 
described 

A Miniature Eight-Channel Pressure 
Recorder. H. M. Nelson and G. A. 
Parker. J. Sci. Instr., Oct., 1956, pp. 
383-385. Description of an instrument, 
designed for pressure plotting in free- 
flight models, which can be fitted with any 
combination of pressure-sensitive units 
with ranges of 0-10, 0-20, 0-40 Ibs. /in.? 
to produce a stylus-on-celluloid recording 
of 40-sec. total duration. 


Machine Elements 


Bearings 
Bearings—How They’ll be in the Fu- 
ture. E. G. Jackson and E. R. Booser 


G-E Rev., Nov., 1956, pp. 19-23. Re- 
view of recent developments in bearings 
and lubricants for high-speed, high- 
temperature application. 

Small Oil-Free Bearings. Hobart S. 
White. J. Res., Oct., 1956, pp. 185-204. 
11 refs. Investigation of materials suit- 
able for use as oil-free bearings in aircraft 
instruments between —55° and +70°C. 
Materials tested include plastics, plastics 
with fillers, impregnated metals, and im- 
pregnated carbon 

Radioactive Tracer Measurements of 
Engine Bearing Wear. M. W. Savage 


—-JANUARY, 


1957 


and L. O. Bowman. SAE Natl. Fuels & 
Lubricants Meeting, Tulsa, Nov. 8-9, 1956, 
Preprint 869. 8 pp. Description of the 
testing method applicable to connecting 
rod bearings, and of a_ bearing-wear 
mechanism. Includes discussion of tl 

effects of operating variables and lubricat 
ing oils. 

An Investigation of Cemented Tung- 
sten Carbide as Bearing Material. J. S 
Kozacka, H. A. Erickson, H. W. Highriter, 
and A. F. Gabriel. Trans. ASME, Oct., 
1956, pp. 1,403-1,406. Investigation of 
the effects of higher bearing pressures, than 
previously used, on bearing performance; 
the effect of bearing roughness surface on 
coefficient of friction; and the effects of 
speed on coefficient of friction under other 
constant conditious. 

Effect of Three Design Parameters on 
the Operating Characteristics of 75-Milli- 
meter-Bore Cylindrical Roller Bearings 
at High Speeds. Appendix A, B 
Derivation of Maximum Roller Skew 
Angle as a Function of Roller Axial Clear- 
ance Ratio. William J. Anderson. U.S, 
NACA TN 3772, Oct., 1956. 37 pp. 15 
refs 


Gears & Cams 
Methods of Specifying Precision of Spur 


Gears. G. W. Michalec Prod. Eng., 
Nov., 1956, pp. 135-142. 
Basic Factors in Cam Design. Harold 


A. Rothbart. Mach. Des., Oct. 18, 1956, 
pp. 107-118. Discussion covering. pres- 
sure angle, curvature, basic dwell-rise 
dwell curves, advanced curves, high-speed 
and polydyne-cam 


cams, systems. In- 


AN "A 


resistance to moisture and vibration, these connectors 


are provided in a variety of AN types. 


Our Sales Department will be glad to furnish com- 


plete information on request. 


SCINTILLA DIVISION OF 


SIDNEY, NEW YORK 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y. 
FACTORY BRANCH OFFICES: 
117 E. Providencia Avenue, Burbank, California ¢ 512 West Avenue, Jenkintown, Pennsyl- 
vania ¢ Stephenson Building, 6560 Cass Avenue, Detroit 2, Michigan e 5906 North Port 
Washington Road, Milwaukee 17, Wisconsin « American Building, 4 S. Main Street, 
Dayton 2, Ohio « 8401 Cedar Springs Road, Dallas 19, Texas e Boeing Field, Seattle 8, 
Washington e 1701 “K’’ Street, N. W., Washington 6, D. C. 
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cludes table of design recommendations 
for high-speed cam systems. 


Seals 


Development of High-Low Temperature 
Aircraft Canopy Seals. I-—-New Mate- 
rial Seals of Current Design. Joseph S. 


Islinger. USAF WADC TN 55-441, 
June, 1956. 44 pp. 
Maintenance 


Factors for Determining the. Optimum 
Use of Maintenance Manpower. Nor- 
man N. Rubin. Aero. Dig., Oct., 1956, 
pp. 42, 44. Description and discussion 
of a method for presenting aircraft-man- 
ning data for the user. 


Materials 


Some New Materials for Missile and 
Power-Plant Applications. A. V. Levy. 
(ARS 25th Anniv. Annual Meeting 
Chicago, Nov. 14-18, 1955, Paper.) Air- 
craft Eng., Oct., 1956, pp. 357-361. Dis- 
cussion relating recent advances in re- 
search and properties of materials for high- 
temperature application. These materials 
include reinforced plastics, HK31_ tho- 
rium - zirconium - magnesium, refractory 
coatings, titanium alloys, and molyb- 
denum alloys. 

Electrodeposition of Titanium. I, II. 
Albert W. Schlechten, Martin E. Strau- 
manis, and C. Burroughs Gill. III. Al- 
bert W. Schlechten, Martin E. Straumanis, 
and Sheng Tai Shihe USAF WADCTR 
53-162, Pts. I, 11, III (OTS PB 111797; 
PB 111798; PB 111794; $1.50), Sept., 
1953; Nov., 1954; Mar., 1956. 50, 51, 50 
pp. 35 refs. Experimental investiga- 
tion to develop a method of electrode- 
positing titanium on other metals for 
corrosion protection. The most successful 
method involves a diffusion coating in 
which a fused chloride bath containing a 
titanium-oxygen alloy powder operated 
under helium is used. Coatings are also 
obtained by deposition from the vapor 
state, using iodide or chloride vapors. 
The physical properties of the coatings are 
described. 


Metals & Alloys 


A Dictionary of Metallurgy. XLVIII 
Th-To. A. D. Merriman and J. S. Bow- 
den. Metal Treatment, Oct., 1956, pp. 
405-412. 

A Bibliography of Unpublished Reports 
on Metal Fatigue. Gt. Brit., MOS TIB/ 
BIB (U)/4, Addendum No. 1, June, 1956. 
10 pp. 95 refs. Covers aluminum and 
aluminum alloys; steel and iron; tests on 
joints, bolts, and welds; aircraft and air- 
craft components; and corrosion fatigue. 

Development of Nickel-Chromium Base 
Alloys for High-Temperature Service. 
II—Creep, Rupture and Other Properties. 
W. Betteridge and A. W.. Franklin. 
Metal Treatment, Oct., 1956, pp. 385-389. 
14 refs 

Thermal-Shock Investigation. T. A. 
Hunter, L. L. Thomas, and A. R. Bobrow- 
sky. USAF WADC TR 54-206 (OTS PB 
121109, $2.75), Sept., 1954. 98 pp. The- 
oretical and experimental investigation 
of the problem, including tests on 14 
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materials to determine their relative 
resistance to shock from a temperature 
range of 1,600° to 2,000°F. 

Molybdandisilizid, ein chemisch weitge- 
hend bestaindiger Hochtemperatur-Werk- 
stoff. H. Preller. VDI Zeitschrift, Sept. 
21, 1956, pp. 1,611, 1,612. In German. 
Evaluation of molybdenum-silicide heat- 
resistant properties. 


Metals & Alloys, Nonferrous 


Effect of Vacuum Degassing on Proper-- 
ties of Various Aluminum Alloys. E. E. 
Layne and H. F. Bishop. U.S., NRL 
Rep. 4797 (OTS PB 121325, $0.50), 
July 10, 1956. 10 pp. Evaluation for 
different melt compositions, section thick- 
nesses, and mold media. 

Titanium Nitride: Its Preparation and 
‘‘Hard Metal’’ Properties. I. C. Kraitzer 
and I. E. Newnham. Appendix I— 
Analysis of Titanium Nitride Powders and 
Compacts. N. Gye and I. E. Newnham. 
Australian J. Appl. Sci., Sept., 1956, pp. 
215-223. 183 refs. 

Structural Stability of Modified 12- 
Chromium Alloys. W.C. Hagel and E. F. 
Becht. (ASME Diamond Jubilee Annual 
Meeting, Chicago, Nov. 13-18, 1955.) 
Trans. ASME, Oct., 1956, pp. 1,439-1,446. 

Aluminium and its Alloys in 1955. 
E. Elliott. (Metallurgia, Feb., 1956). 
ADA Reprint. 15 pp. 172 refs. Review 
of the research and technical progress in 
various aspects of aluminum and alumi- 
num-alloy metallurgy, including extrac- 
tion, founding, fabrication, constitution, 
properties, and standardization. 

The Thermal Expansion of Aluminium 
at Low Temperatures as Measured by an 
X-Ray Diffraction Method. B. F. Fig- 
gins, G. O. Jones, and D. P. Riley. 
Philos. Mag., 8th Ser., Aug., 1956, pp. 
747-758. 23 refs. Application of the 
technique used for determining lattice- 
cell dimensions to the measurement of 
thermal expansion at temperatures down 
to 20°K. Results represent a tendency 
for the Griineisen y to increase at the 
lowest temperatures. 

Static Strength of Aluminum-Alloy 
Specimens Containing Fatigue Cracks. 
Arthur J. McEvily, Jr., Walter Illg, and 
Herbert F. Hardrath. U.S... NACA TN 
3816, Oct., 1956. 54 pp. 19 refs. Ex- 
perimental investigation of seven con- 
figurations of specimens made of 2024 and 
7075 aluminum alloys in both rolled 
and extruded form, subjected to repeated 
axial loads until fatigue cracks of various 
lengths are formed. 

Effect of Range of Stress in Combined 
Bending and Torsion Fatigue Tests of 
25S-T6 Aluminum Alloy. W. N. Find- 
ley, W. L. Mitchell, and D. D. Strohbeck. 
(ASME Diamond Jubilee Annual Meet- 
ing, Chicago, Nov. 13-18, 1955.) Trans. 
ASME, Oct., 1956, pp. 1,481-1,487. 11 
refs. 

The Effect of Stress Concentrations on 
the Fatigue Resistance of a Duralumin 
Type Aluminium Alloy. J. Y. Mann. 
J. RAeS, Oct., 1956, pp. 681-685. 

Problems Associated with the Produc- 
tion and Use of Wrought Aluminium Al- 
loys. G. Forrest and K. Gunn. J. 
RAeS, Oct., 1956, pp. 635-654; Discus- 
sion, pp. 654-657; Author’s reply, pp. 
657, 658. 24 refs. Discussion of the prop- 
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erties required in order to keep wrought 
aluminum free from residual stresses that 
might distort it when machined, and 
indication of the effect of each stage of 
production on these properties. 

Some Observations on the Relationship 
Between Fatigue and Internal Friction. 
S. R. Valluri. U.S., NACA TN 3755, 
Sept., 1956. 42 pp. Experimental in- 
vestigation, using a specially designed tor- 
sional fatigue-testing machine of the reso- 
nant type with facilities for measuring in- 
ternal friction at low stress levels, for 
determining the internal friction and 
fatigue strength of commercially pure 1100 
aluminum under repeated stressing in tor- 
sion at various temperature and _ stress 
levels in an effort to detect any possible 
connection between internal friction and 
fatigue characteristics. 

An Investigation of the Interchange of 
Tensile Creep for Compressive Creep. 
I—-Types 2024-T4 and 1100-0 Aluminum. 
O. K. Salmassy, R. J. MacDonald, R. L. 
Carlson, and G. K. Manning. USAF 
WADC TR 56-26 (OTS PB 121327, 
$1.75), Mar., 1956. 57 pp. 22 refs. 
Results of tests at varying stress levels and 
temperatures and comparison of creep 
data in order to establish whether signifi- 


cant differences exist between tension 
and compression behavior. 
Magnesium-Thorium Alloy; A New 


Light Alloy with High Modulus-to-Weight 
Ratio for Use in the 500-700 F Range. 
Prod. Eng., Nov., 1956, pp. 200-204. 


Nonmetallic Materials 


Le Fluage des Plastiques et Matériaux 
Dérivés. G. Fabre. Docaéro, Jan., 1956, 
pp. 39-52. 52 refs. In French. Survey 
of several aspects of creep in plastics 
and derived materials, including its initial 
appearance, the effect on fabricated 
structures, limitations of rational defini- 
tion, and methods of testing. 

Development of Electrically Conductive 
Transparent Coatings for Acrylic Plastics. 
Myron A. Coler, Arnold S. Louis, and John 
C. Kalbach. USAF WADC TR 55-272 
(OTS PB 121208, $2.50), Jan., 1956. 85 
pp. Application of the Marklad process, a 
procedure involving repeated contact be- 
tween a plastic surface being treated and 
small particles previously coated with a 
transferable conductor, to the coating of 
acrylic plastic canopies, in order to dis- 
sipate electrostatic charges. 

The Development of Electrical Conduct- 
ing Transparent Coatings for Acrylic 
Plastic Sheet. I, George A. Dalin and 
Robert W. Freedman. II, George A. Dalin 
and Ivan Flores. USAF WADC TR 
53-378 (OTS PB 121104, $1.25; PB 
121262, $1.75), Pts. I, II, Jan., Dec., 1954. 
40,54 pp. 87 refs. Discussion of methods 
for preparing transparent, conductive 
films on both acrylic and glass surfaces, 
with a detailed description of the prepa- 
ration and application of silica under- 
coatings and of the sputtering of metallic 
cadmium under conditions such as to 
form oxide. Includes discussion of the 
extension of these methods to curved sur- 
faces and description of special equip- 
ment needed in the sputtering of curved 
surfaces. 

‘‘Araldite’’? in Many Enterprises. Aero. 
Res. TN Bul. 163, July, 1956. 8 pp. 
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Discussion of the applications of epoxy 
resins as a mold material and as corrosion- 
resistant coatings. 

A Study and Evaluation of Kel-F Elas- 
tomer. R. E. Headrick. USAF WADC 
TR 55-377 (OTS PB 111984, $1.25), 
Oct., 1955. 35 pp. Results of an inves- 
tigation of a rubber sealing compound 
for determining its resistance to corrosive 
chemicals, hydraulic fluids, lubri- 
cants. 

Elastomeric Dithiopolyesters. F. W 
Knobloch. USAF WADC TR 55-117 
(OTS PB 111949, $0.75), June, 1955 
19 pp. Tests on selected specimens of 
two types of elastomers prepared from an 
experimental liquid polymer formulation, 
derived from a condensation product of 
mercaptoacetic acid and triethylene glycol, 
in order to study the behavior of these 
vulcanizates in fuels and synthetic ester 
base oils and to determine the effects of 
aging at elevated temperatures. 


Testing 


The Value of the Notch Tensile Test. 
J. F. Baker and C. F. Tipper. IME 
Proc., No. 1, 1956, pp. 65-75; Discussion, 
pp. 76-84. 16 refs. Evaluation of a notch 
tensile test in predicting brittleness 
in mild steel under varied operating con- 
ditions. 

Determination of Dynamic Plastic 
Strain Through the Use of Diffraction 
Gratings. James F. Bell. J. Appl. Phys., 
Oct., 1956, pp. 1,109—1,113. Experi- 
mental method for obtaining either the dy- 
namic or static strain by measuring the 
angle of diffraction of a grating on the 
specimen’s surface. This angle changes as 
the result of a change in the number of lines 
per inch in the grating, caused by strains 
in the specimen. 

A Fixture for Testing Sheet Materials in 
Compression at Elevated Temperatures. 
D.C. Hayward. J. RAeS, Oct., 1956, pp 
669-674. 

Preliminary Investigation of Techniques 
and Methods for Photoelastic Deter- 
mination of Stress in Transparent Instal- 
lations. W. Ewart Williams. USAF 
WADC TR 54-496, Aug., 1954. 82 pp. 


Mathematics 


Problems Related to Characteristic 
Surfaces. Marcel Riesz. Conf. on Dif 
ferential Equations, U. Md., Mar. 17-19, 
1955, Proc., pp. 57-71. (AFOSR TR 
56-51) [AD 110 314|. (College Park, 
Md., U. Md. Book Store, 1956, $8.00.) 

On the Sturm-Liouville Equation with 
Two-Point Boundary Conditions. A. S. 
Douglas. Proc. Cambridge Philos. Soc., 
Oct., 1956, pp. 636-639. 

Sturm-Liouville and Heat Equations 
Whose Eigen-Functions are Ultraspherical 
Polynomials or Associated Bessel Func- 
tions. S. Bochner. Conf. on Differential 
Equations, U. Md., Mar. 17-19, 19355, 
Proc., pp. 23-48. 12 refs. (AFOSR TR 
56-51) |AD 110 314). (College Park, 
Md., U. Md. Book Store, 1956, $8.00.) 

On the Numerical Solution of the 
Dirichlet Problem. Zeev Nehari. Conf 
on Differential Equations, U. Md., Mar 
17-19, 1955, Proc., pp. 157-178. 16 refs 
(AFOSR TR 56-51) [AD 110 $314). 


(College Park, Md., U. Md. Book Store, 
1956, $8.00. ) 

Some Results on Generalized Axially 
Symmetric Potentials. Alfred Huber 
Conf. on Differential Equations, U. Md., 
Mar. 17-19, 1955, Proc., pp. 147-155. 
20 refs. (AFOSR TR 56-61) |AD 110 
314). (College Park, Md., U. Md. Book 
Store, 1956, $8.00. ) 

Discontinuity and Representations of 
Minimal Surface Solutions. Y. W. Chen 
Conf. on Differential Equations, U. Md., 
Mar. 17-19, 1955, Proc., pp. 115-138 
19 refs. (AFOSR TR 56-51) [AD 110 
314). (College Park, Md., U. Md 
Book Store, 1956, $8.00. ) 

The Extension of the Riemann Mapping 
Theorem to Elliptic Equations. F. G 
Dressel and J. J. Gergen. Conf. on Dif 
ferential Equations, U. Md., Mar. 17-19, 
1955, Proc, pp. 183-195. 17. refs. 
(AFOSR TR 56-51) [AD 110 314] 
(College Park, Md, U. Md. Book Store, 
1956, $8.00 

On a Procrustean Technique for the 
Numerical Transformation of Slowly Con- 
vergent Sequences and Series. P. Wynn 
Proc. Cambridge Philos. Soc., Oct., 1956, 
pp. 663-671 11 refs 

Une Méthode Directe dans |’Etude du 
Probléme de Cauchy pour les Equations 
aux Dérivées Partielles, Hyperboliques, 
du Second Ordre, 4 Deux Variables. 
Ciprian Foias, Gheorghe Gussi, and Val 
entin Poenaru Rev. Math. Pures & 
A ppl., No. 2, 1956, pp. 61-98. In French 
Development of a direct method for study 
ing the Cauchy problem for the equations 


with partial, hyperbolic, second-order 
derivatives, and those having two vari- 
ables 


Approximation to Transients by Means 
of Laguerre Series. J. W. Head. Proc 
Cambridge Ph Soc., Oct., 1956, pp 
640-651. Analysis of the Laguerre-series 
method with special reference to condi 
tions for convergence and adjustments for 
improving convergence Includes recon 
sideration of some of the examples dis 
cussed by Ward 

Note on a Method for Computing In- 
finite Integrals of Oscillatory Functions. 


I. M. Longman. Proc. Cambridge Philos 
Soc., Oct., 1956, pp. 764-768.  Descrip 
tion of a technique, applicable when 
transformation of an integral in the com 


plex plane into the integral of a monotone 
decreasing function of constant sign is 
unfeasible, and based on Euler's trans 
formation of slowly convergent alternating 
series 

Ob Ustoichivosti Sistem s Zapazdyva- 
niem. B.S. Razumikhin. Prikl. Mat. i 
Mekh., July-Aug., 1956, pp. 500-512 
In Russian. Analysis of the asymptotic 
stability of lagging systems 

Some Observations About Inverse 
Limit Sets. R. D. Anderson and Gustave 
Choquet. Jnst. Advanced Study, Princeton, 
N.J. (AFOSR TN 56-313) |AD 94-849}, 
July, 1956. 4 pp. OSR-NSF-supported 
study including proof of two theorems 
about inverse limits. The first theorem 
gives sufficiency conditions that an inverse 
limit be embeddable in a compact space 
S; the second asserts that mapping (in 
duced by the sequence of mappings) 
from the inverse limit into any space of the 
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sequence is atomic provided that each 
mapping of the sequence is atomic 

The Numerical Evaluation of a Class of 
Integrals. P. A. P. Moran Proc. 
Cambridge Philos. Soc., Apr., 1956, pp. 
230-233. 

Upper and Lower Bounds for Eigen- 
values by Finite Difference Methods. 
H. F. Weinberger. Commun. on Pure & 
Appl. Math., Aug., 1956, pp. 613-623. 
OSR-supported analysis for estimating 
the minimum of the ratio of two quadratic 
functionals corresponding to certain dif- 
ferential operators on a finite region R 

New Isoperimetric Inequalities for 
Eigenvalues and Other Physical Quanti- 
ties. L. E. Payne. Commun. on Pure & 
Appl. Math., Aug., 1956, pp. 531-542. 
29 refs. USAF-supported derivation of 
new inequalities for the eigenvalues of 
certain classical plate and membrane 
problems, and consideration of the Stekloff 
problem in an infinite three-dimensional 
region which lies exterior to a closed sur- 
face 

Coefficients for Complex Osculatory 
Interpolation Over a Cartesian Grid. 
Herbert E. Salzer. J. Math. © Phys., 
July, 1956, pp. 152-168 

Complex Vector Bundles Over an Alge- 
braic Curve. Shigeo Nakano. J/nst. Ad- 
vanced Study, Princeton, N.J. (AFOSR 
TN 56-432) [AD 96515], July, 1956. 40 
pp. 12 refs. Development of a method 
using Chow’s coordinates of graphs from 
an algebraic curve to obtain a  Grass- 
mannian variety for algebraic parametriza- 
tion of a set of vector bundles over an alge- 
braic curve. 

A Variational Method in the Theory of 
Harmonic Integrals. Charles B. Morrey, 
Jr. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 499-508. 14 refs. OSR- 
supported investigation. 

Counterexample to a Theorem of Hamil- 
ton. C. E. Capel and W. L. Strother. 
Miami U. Rep. 7 (AFOSR TN 56-400) 
[AD 96058], Aug. 25, 1956. 7 pp 

Growth Properties of Solutions of 
Non-Linear Elliptic Equations. Robert 
Finn. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 415-423. 20 refs. ONR- 
supported analysis based on a study of 
the consequences of abstracting essential 
features of the nonlinearities which occur 
ina particular minimal surface equation 

Difference Methods on a Digital Com- 
puter for Laplacian Boundary Value and 
Eigenvalue Problems. George FE. For- 
sythe. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 525-484. 15 refs. ONR- 
OOR-sponsored investigation 

Fundamentals of Analysis of Variance. 
III-Nested Designs in Analysis of Vari- 
ance. Charles R. Hicks. Jnd. Quality 
Control, Oct., 1956, pp. 138-16 

Some New Methods in Two-Dimen- 
sional Variational Problems with Special 
Reference to Minimal Surfaces. L. C. 
Young Commun. on Pure & Appl. 
Math., Aug., 1956, pp. 625-632. OOR- 
sponsored research. 

On the Integration of Non-Linear Para- 
bolic Equations by Implicit Difference 
Methods. Milton E. Rose. Quart. Appl 
Math., Oct., 1956, pp. 237-248 

The Approach to Scalar Growth of a 
Vector Transformed by an Increasing. 
Power of a Matrix. S. N. Afriat. Proc. 
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Cambridge Philos. Soc., Apr., 1956, pp. 
913, 214 

Jacobians of Linear Systems on an 
Algebraic Variety. D. Monk. Proc. Cam- 
bridge Philos. Soc., Apr., 1956, pp. 198-201. 
Development of a proof that the Jacobian 
of k linear systems of hypersurfaces 
on an algebraic variety (V,) is given by an 
equivalence which involves an Eger’s 
operator 

Table of Square Roots of Complex 
Numbers. T. Sasaki. Japan, NCB Rep. 
10, 1956. 21 pp. 

Tables of Whittaker Functions (Wave 
Functions in Coulomb Field). Japan, 
NCB Rep. 9, 1956. 67 pp. 

Underpolynomials and Infrapoly- 
nomials. T.S. Motzkin and J. L. Walsh 
Harvard U., Math. Div. TR (AFOSR 
TN 56-359) [AD 95445], July 31, 1956. 
32 pp. Investigation of the properties of a 
class of infrapolynomials of given degree 
on a bounded set. 

Solution of Linear Algebraic and Dif- 
ferential Equations by the Long-Division 
Algorithm. M. V. Wilkes. Proc. Cam- 
bridge Philos. Soc., Oct., 1956, pp. 758 
763 

Perturbation Theory of Periodic Sur- 
faces. Stephen P. Diliberto. Jnst. Ad- 
vanced Study, Princeton, N.J. (AFOSR 
TN 56-474) [AD 97358], Oct., 1956. 114 
pp Introduction of the concept of 
periodic surface as a device for studying 
ordinary differential equations and de- 
velopment of the fundamentals of a per- 
turbation theory. 

Problems and Methods in Partial Dif- 
ferential Equations. I-—-The Origin and 
Evolution of the Theory. F. J. Bureau 
Duke U., Dept. Math. (AFOSR TN_ 56- 
441) |AD 96784], Aug., 1956. 144 pp 
21 refs. Summarized presentation of lec 
tures at Duke University during the 
academic year 1955-1956 covering topics 
in the theory of partial differential equa- 
tions with emphasis on the Cauchy prob 
lem 

A Note on Autonomous Second Order 
Non-Linear Differential Equations. W 
R. Utz. Mo. U., Dept. Math., TN 8 
(AFOSR TN 56-420), Sept., 1956. 12 pp 
Analysis using theorems on the boundness 
of solutions of second-order nonlinear dif 
ferential equations as a basis for more 
detailed examination of the behavior of 
such equations solved for large values of 
the independent variable. 

Bounded or Almost-Periodic Solutions of 
Non Linear Differential Systems. Luigi 
Amerio. Conf. on Differential Equations, 
U. Md., Mar. 17-19, 1955, Proc., pp 
179-182. (AFOSR TR 56-51) |AD 110 
314). (College Park, Md., U. Md. Book 
Store, 1956, $8.00. ) 

O Generalizare a unei Proprietati Care 
Intervine in Metoda Lui Runge si Kutta, 
Pentru Integrarea Numerica a Ecuatiilor 
Diferentiale. D.V. Ionescu. Bul. Stiint 
Sect. Stiint. Mat. Fiz., Jan.-Mar., 1956, 
pp. 67-100.) In Rumanian. Generaliza- 
tion of a characteristic related to the 
Runge-Kutta method for integrating dif- 
ferential equations 

Differential Systems with Boundary 
Conditions at More than Two Points. 
William M. Whyburn. Conf. on Dif 
ferential Equations, U. Md., Mar. 17-19, 
1955, Proc., pp. 1-21. 40 refs. (AFOSR 
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Pastushin Full-Shear i automatic spring ejection of 


Stress Panel 
Fastener does 
what a panel 


fastener should do! 


Available now 
in quantity! 


Fastens 


stud ...no prying to free panel 
* curved panel is no problem 
* only two assemblies (self- 
retained)... stud and retainer 


* no special installation tools... 
Phillips head recess 


PATENT PENOING 


and unfastens a panel 


faster and easier than 
any other fastener on the market! 


Check these important features: 


This is the actual size of 
the 14” fastener assembly 
...tiny, lightweight and 
strong. The %6” unit is 
proportionately larger. 


Full Shear Strength... stud design transmits full shear 
strength equal to NAS-547 specification, and/or 
NAS 334-335 close tolerance bolt. 

Positive Mechanical Lock... when stud is seated, it’s 
locked! Visual inspection assures safe lock. 
Automatic Stud Ejection... when stud is released, it is 
automatically spring-ejected from the retainer, allow- 
ing panel removal without forcing or prying. 

Curved Panels offer no problem...small radius of entry 
of stud into retainer assembly allows installation and 
operation on surfaces of less than one inch radius. 


Double Lead Stud Thread... assures top performance 
and trouble-free long service life. 


Materials and Finishes ... critical bearing surfaces are 
of CM steel, heat treated to rigid specifications. Steel 
parts are cadmium plated, aluminum alloy parts 
anodized. 


Write for complete information on Pastushin’s Full- 
Shear Stress Panel Fasteners, designed for high- 
strength and simplified securing of access panels and 
equipment on modern aircraft. 
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TR 56-51) [AD 110 314\. (College Park, 
Md., U. Md. Book Store, 1956, $8.00. ) 

On Partial Differential Equations of 
Mixed Type. M. H. Protter. Conf. on 
Differential Equations, U. Md., Mar. 17- 
19, 1955, Proc., pp. 91-106. 40 refs. 
(AFOSR TR 56-51) [AD 110 314). 
(College Park, Md., U. Md. Book Store, 
1956, $8.00.) 

An Abstract Formulation of the Method 
of Separation of Variables. B. Friedman. 


Conf. on Differential Equations, U. Md., 
Mar. 17-19, 1955, Proc., pp. 209-226. 
(AFOSR TR 56-51) [AD 110 314]. 


(College Park, Md., U. 
1956, $8.00. ) 

Eigenvalues of Differential Equations 
by Finite-Difference Methods. H. C. 
Bolton and H. I. Scoins. Proc. Cambridge 
Philos. Soc., Apr., 1956, pp. 215-229. 
20 refs. Analysis of eigenvalue problems 
using finite-difference techniques in which 
an examination is made of the convergence 
of the eigenvalue A(h) of corresponding 
finite-difference equations towards the 
eigenvalue \ of the differential equation 
itself. 

Ob Odnom Priznake Ogranichennosti 
Reshenii Differentsial’nykh Uravnenii 
Khilla. T. M. Karaseva. Prikl. Mat. i 
Mekh., July-Aug., 1956, pp. 549-551. In 
Russian. Analysis of a limiting character- 
istic of Hill’s solution of differential equa- 
tions, taking into account Liapunov’s re- 
sults and proof demonstrated by Krein. 

Reflection Laws of Linear Differential 
Equations of Mixed Type. Y. W. Chen. 
Wayne State U. Rep. (AFOSR TN _ 56- 
399) {AD 96057], Aug., 1956, 30 pp. 
Study of the class of equations of the form 
Uy, + Uzz = 0 with s > 0 to extend the 
solution beyond its elliptic domain to the 
neighborhood of the parabolic line. 

Simultaneous Linear Differential Equa- 
tions with Constant Coefficients. S. N. 
Afriat. Proc. Cambridge Philos. So<., 
Apr., 1956, pp. 209-212. 

Remarks on the Application of Gradient 
Mappings to the Calculus of Variations 
and the Connected Boundary Value Prob- 
lems in Partial Differential Equations. 
E. H. Rothe. Commun. on Pure & Appl. 
Math., Aug., 1956, pp. 551-568. 14 refs. 

Remarks on Courant’s Nodal Line 
Theorem. Ake Pleijel. Commun. on 
Pure & Appl. Math., Aug., 1956, pp. 543- 
550. Discussion indicating that the the- 
orem can be sharpened with the help of a 
theorem due to Faber and Krahn, and 
that, in this way, it can be proved that for 
certain membrane problems—in particular 
for all membranes with fixed boundaries 
the maximal division by nodal lines occurs 
only for a finite number of eigenfunctions. 

A Direct Approach to the Problem of 
Stability in the Numerical Solution 
of Partial Differential Equations. John 
Todd. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 597-612. 51 refs. 

On the Regularity Properties of Solu- 
tions of Elliptic Differential Equations. 
Felix E. Browder. Commun. on Pure & 
Appl. Math., Aug., 1956, pp. 351-361. 
22 refs. 

Survey of Local Properties of Solutions 
of Elliptic Partial Differential Equations. 
Lipman Bers. Commun. on Pure & Appl. 
Math., Aug., 1956, pp. 339-350. 485 refs. 
OOR-sponsored research. 


Md. Book Store, 
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Estimates and Existence of Solutions 
of Elliptic Equations. Louis Nirenberg. 
Commun. on Pure & Appl. Math., Aug., 
1956, pp. 509-529. 37 refs. OOR-spon- 
sored survey of some a priori estimates for 
solutions of linear elliptic partial differen- 
tial equations and their use in solving the 
Dirichlet problem 

The Solution of the Diffusion Equation 
by a High Order Correct Difference Equa- 
tion. Jim Douglas, Jr. J. Math. & 
Phys., July, 1956, pp. 145-151. 10 refs. 

Discontinuity of Solutions of Quasi- 
Linear Differential Equations in Two Vari- 


ables. Y. W. Chen. Commun. on Pure 
& Appl. Math., Aug., 1956, pp. 373-381. 
12 refs. 


On Linear Differential Equations in 
Banach Spaces. Tosio Kato. Commun. 
on Pure & Appl. Math., Aug., 1956, pp. 
479-486. OSR-sponsored investigation 
of the solution of a Cauchy problem in an 
abstract linear space 

Asymptotic Relations Between Systems 
of Differential Equations. Choy-Tak 
Taam. Pacific J. Math., Summer, 1956, 
pp. 373-888. Investigation of an associ- 
ated system of integral equations which 
vields the asymptotic relations between 
solutions of perturbed and unperturbed 
equations 

The Scope and Limitations of the 
Method of Wiener and Hopf. Albert E. 
Heins. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 447-466. 17 refs. OOR- 
sponsored discussion of a chapter in 
boundary-value problems which arise in 
the solution of certain elliptical partial 
differential equations. 

Some Hints on Huygens’ Principle and 
Hadamard’s Conjecture. Leifur Asgeirs- 
son. Commun. on Pure & Appl. Math., 
Aug., 1956, pp. 307-326. Summary of 
results of investigations into Huygens’ 
principle in the theory of second-order 
linear partial differential equations of 
hyperbolic type as formulated by Hada- 
mard. 

On Singular and Regular Cauchy Prob- 
lems. J. B. Diaz. Commun. on Pure & 
Appl. Math., Aug., 1956, pp. 383-390. 
14 refs. OSR-supported study 

On Iterative Processes and Functional 
Equations. C. Domb and M. E. Fisher. 
Proc. Cambridge Philos. Soc., Oct., 1956, 
pp. 652-662. Analysis of degenerative 
iterative showing that they 
correspond to the iterative solutions of a 
certain class of functional equations and 
that they may be used to calculate nu- 
merical solutions for given function equa- 
tions. The extent to which the processes 
may be transformed to yield higher order 
processes of greater utility is also investi- 
gated. Results are illustrated by treat- 
ment of some functional equations satis- 
fied by the hypergeometric function. 

Formula dlia Izobrazheniia Proizve- 
deniia Originalov. V. Ia. Natanson. 
Prikl. Mat Mekh., Sept.-Oct., 1956, 
pp. 671, 672. In Russian. Derivation 
of a formula for representing the prod- 
uct of the originals based on the trans 
formation formula 

Sur l’Extension des Fonctionnelles 
Linéaires. Ivan Singer. Rev. Math 
Pures & Appl., No. 2, 1956, pp. 99-106. 
In French. Theoretical study to extend 
linear functionals 


processes 


The Real Zeros of the Confluent Hyper- 
geometric Function. L. J. Slater. Proc. 
Cambridge Philos. Soc., Oct., 1956, pp 
626-635. Discussion of two problems 
arising in the numerical evaluation of the 
small real zeros of the confluent hyper- 
geometric function, with results pre. 
sented in tabular form. 

Fourier Transforms for Functionals on 


L.(—«, ©) Meinhard Edwin Mayer. 
Rev. Phys., Vol. I, 1956, pp. 147-152. 
21 refs. Definition of a functional Fourier 


transform for functionals of the class L, 
(— ©, ©), based on the Wiener-Friedrichs 
integral for ‘‘square-integrable”’ analytical 
functionals over real Le-space and using 
Hermite functionals analogous to those 
used by Cameron and Martin 

On the Reflection Principle for Poly- 


harmonic Functions. Alfred Huber. 
Commun. on Pure & Appl. Math., Aug., 
1956, pp. 471-478 USAF-sponsored 


study. 

On Approximation by Bounded Analytic 
Functions. J. L. Walsh. Harvard U., 
Math. Div. Rep. (AFOSR TN 56-440) 
[AD 96783], Sept., 1956. 13 refs. 
OSR-sponsored analysis of Problem 8 
based on the Walsh theorem pertaining 
to the conformal mapping of multiply 
conuected regions and on suitable refine- 
ments of older methods 

On the Euler-Poisson-Darboux Equa- 
tion, Integral Operators, and the Method 
of Descent. J. B. Diaz and G. &. &. 
Ludford. Conf. on Differential Equations, 
U. Md., Mar. 17-19, 1955, Proc., pp. 73- 
89. 32 refs. (AFOSR TR 56-51) [AD 
110 314]. (College Park, Md., U. Md. 
Book Store, 1956, $8.00.) 

On the Ejigenfunctions of the Mem- 
brane Equation in a Singular Case. 
Ake Pleijel. Conf. on Differential Equa- 


30 pp 


tions, U. Md., Mar. 17-19, 1955, Proc., 
pp. 197-207. (AFOSR TR 56-51) [AD 
110 314]. (College Park, Md., U. Md. 


Book Store, 1956, $8.00. ) 

Extensions of Operational Mathemat- 
ics. R. V. Churchill. Conf. on Differen- 
tial Equations, U. Md., Mar. 17-19, 1955, 
Proc., pp. 285-250. 20 refs. (AFOSR 
TR 56-51) [AD 110 314]. (College Park, 
Md., U. Md. Book Store, 1956, $8.00. ) 

On Generalized Sturm-Liouville Op- 
erators. William Feller. Conf. on Dif- 
ferential Equations, U. Md., Mar. 17-19, 
1955,: Proc., pp. 251-270. (AFOSR TR 
56-51) [AD 110 314]. (College Park, 
Md., U. Md. Book Store, 1956, $8.00.) 

On the Uniform Convergence of a Cer- 
tain Eigenfunction Series. L. I. Mishoe 
and G. C. Ford. Pucific J. Math., Sum- 
mer, 1956, pp. 271-278. 

Eigenfunction Expansions Associated 
with a Non-Self-Adjoint Differential Equa- 
tion. Bernard Friedman and L. I. 
Mishoe. Pacific J. Math., Summer, 1956, 
pp. 249-270. OSR-supported investiga- 
tion of the expansion of an arbitrary func- 
tion f(x) in terms of the eigenfunctions of 
the equation (A + \B) u = 0, where A isa 
second-order, and B a first-order, differen- 
tial operator. 

Multivalued Harmonic Functions in 
Three Variables. Stefan Bergman. Com- 
mun. on Pure & Appl. Math., Aug., 1956, 
pp. 327-338. 19 refs. ONR-supported 
derivation of various properties of certain 
classes of multivalued func- 
tions 
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A Method for the Construction of 
Green’s Functions. Bruno A. Boley 
Quart. Appl. Math., Oct., 1956, pp. 249 
257 Calculations to determine the 
Green's function associated with any par 
tial differential equation for arbitrary 
domains. An integral equation is ob 
tained, the solution of which vields the 
Green's function as the limit of au infinite 
sequence of functions Convergetice of 
this sequence is proved for the Helmholtz 
equation, and an example for the theory of 
heat conduction is solved in detail 

Operational Formulae for Response Cal- 
culations. Appendix—Examples of Solu- 
tions of Differential Equations and Re- 
sponse Problems by Using the Formulae 
of Tables I-V. S. Neumark. Gt. Brit., 
RAE Rep. Aero.2570, June, 1956. 65 pp 
Systematic tables of formulas to facilitate 
the solution of response problems reduc 
ible to linear differential equations with 
constant coefficients and simple forcing 
functions 

Characteristic Values of Arbitrary Ma- 
trices. Mark Lotkin Quart. Appl 
Math., Oct., 1956, pp. 267-275. Method 
based on the Schur theorem which as 


ononts 


FOR EVERY SYSTEM 
APPLICATION 


L serts that any matrix of complex elements 

if sap Re can be reduced to triangular form by 

‘ : a z means of sequence of unitary transforma 
ae tions which generate the characteristic 
» SERVO values of the matrix along the diagonal of 
TYPE NO.42 


i the traiangularized form 


Maximum Likelihood Estimation of 
Restricted Parameters. H. D. Brunk 
Mo. U. Dept. Math. TR 7 (AFOSR TN 
36-391), Sept., 1956. 26 pp. 15 refs 
Discussion of relevant techniques appli 
cable to independent random sampling 
KEARFOTT offers the systems manufacturer the a from a finite number of populations be 
most complete line of precision made components page longing to exponential families, when the 
available anywhere. Quantity production parameter point Is known to lie in a proper 
enables quick deliveries and reasonable prices. subset of its ‘‘natural’”’ range 
SYNCHROS— Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 
Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance. 

SERVO MOTORS— High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 1,123-1,129 13 refs. OSR-supported 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23. experimental investigation using 1/8-in.- | 
TACHOMETER GENERATORS — Available as diameter spherical pellets of aluminum, 
damping generators, rate generators and 


magnesium, steel, brass, lead, and zinc | 
integrators. They feature high output to null to study 


WT. 


Mechanics 
Impact Phenomena at High Speeds. 
M. E. Van Valkenburg and Wallace G 
Clay. J. Appl. Phys., Oct., 1956, pp 


metal-to-metal impact in the 


ratio and extremely linear outputs. Temperature velocity range of 1 to 5 mm./ysec. Tests 
stabilization may be provided. relating to the mechanisms of cratering and 
GYROS— Directional, floated rate integrating, the perforation of thin targets are pre 
free, vertical, and spring restrained rate gyros for sented 

all airborne navigation, stabilization or fire Ob Asimptoticheskoi Ustoichivosti Sis- 


tem s Posledeistviem. N. N. Krasovskii 
Prikl. Mat. « Mekh., July-Aug., 1956, pp 
518-518. In Russian. Derivation of 
criteria of asymptotic stability of undis- 
turbed motion for the case when the equa- 


Car oti tions of disturbed motion include terms 


that take the reaction into account 


control applications. 


Bulletins giving physical 
and technical data of the 
various Kearfott Products 
will be sent on request. The 
Kearfott organization is 
available to assist in the 
development and 
manufacture of other 
precision components you 


Meteorology 


An Investigation of Wind Structure in 
may require. the Trades: Anegada 1953. H. Char- 

nock, J. R. D. Francis, and P. A. Shep- 

pard. Philos. Trans. Royal Soc. (London), 

Ser. A, Oct. 18, 1956. 55 pp. 22 refs 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. Observational study of the mean and ff 

large-scale turbulent structure of the wind § 

in the lowest 1,500 m. of the North-East £ 

Continued on page 134) : 


Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, lll. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Posodena, Calif. 
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ie That is the bold objective of the men who engineered and built the 
duc Mustangs, Sabres and Super Sabres. Today their mental altimeters are 
with in the stratosphere...their pulse count in Mach numbers. And the air- 
cing planes emerging from this new engineering metabolism are veritable 

missiles in speed and altitude, yet they must house and protect a human 
Ma- pilot in the midst of otherwise fatal phenomena. 

ppl Today’s aircraft engineer must overcome an atmosphere that ranges 
thod from bone-freezing cold to blood-boiling heat...speeds where shock- 
og wave drag and aerodynamic heating demand a bold new approach in 
ey design, materials and production techniques. 
me He is asked to add strength and power —yet cut weight...solve flutter 
istic in theory, avd with a producible design... provide controls that make his 
al of vehicle a stable weapons platform even when flying at supersonic speeds. 

Finally, his brainchild must graduate from preliminary design and 
1 of wind tunnel to prove itself both in the air and on the production line. 
unk. If it fails—he has failed. 

Fi In this realm of both unknowns and stark reality, engineering is no 
— job for the timid or the easily discouraged or the fellow looking for a 
soft berth. 

s be A COMPANY WORTHY OF THE GOAL. Engineers have consistently guided 

1 the the long-range technical advancement of North American Aviation. 

‘oper Newness and progress here are SOP. Some of the longest necks in the 
industry are on our engineering team. They’ve been sticking out into 
the future of aviation for years. 

IF YOU'D LIKE TO STICK YOUR NECK OUT...we promise you a management 
eeds. climate that stimulates personal growth—and rewards it with profes- 
eG sional and material benefits that are limited only by your own ability. 
, pp Write today for full particulars to: Mr. T. J. Wescombe, Engineering 
orted Personnel Manager, Dept.1-AER,North American Aviation, Inc., Los 
Angeles 45, California. 
num, 
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| In 1943, AARON KOLOM graduated BILL McLEAN obtained his Bachelor of 

| from the Illinois Institute of Technology Science degree in Electrical Engineer- 

with a B.S.M.E., a scholastic Honor Man ing at Wayne University in 1950. He 

in all departments. At North American received his Master’s Degree at the 

i his first position was in the Structures University of Southern California in 

ire in Section. He was appointed Supervisor 1951. He began his engineering career 

Char of Wing Structures in 1951. With the at North American Aviation as a Re- 

Shep- y elp of North American‘s Educational search Analyst in the Servomechanisms 
idon), Refund Plan, he received his M.S.A i Group. Now, five promotions later, Bi 

ents 1952. And last March, Aaron was + is a Group Leader in charge of the 

and noted to Assistant Project Engineer. Systems Simulation Section 
wind 


‘ NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 


“EARTH” one of a series of paintings of the planets by Simpson-Middleman, painters 
who have been finding their subject matter in science. ‘lo quote them: “Earth is 
distinguished among the planets by its oceans of water and its single moon. From these 
as a starting point, Earth in this painting has been imagined as a configuration of 
intersecting planes—layer on layer of blue—until it becomes a transparent crystal, 
glowing in space.”’ Painting courtesy John Heller Gallery, Inc. 


A world of opportunity awaits you at Boeing 


Engineering opportunities at Boeing fly high. Creative 
engineering talents find here a stimulating atmosphere, 
and projects that probe the unknown. In virtually 
every field associated with flight, Boeing engineers and 
scientists are discovering new paths to the future. 

There’s growing room in Boeing’s pioneering programs 


for additional engineers of all types, and for scientists 


and advanced mathematicians. If the myriad problems 
of supersonic flight, electronic guidance and related 
areas of exploration excite you, you'll find a sympa- 
thetic climate and stimulating minds to work and grow 
with at Boeing. 

Drop a note now to John C. Sanders, Staff Engineer-Person- 


nel, Boeing Airplane Company, Seattle 24, Washington. 
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ACOUSTICS, SOUND, & NOISE 


A METHOD FOR CALCULATION OF FREE- 
SPACE SOUND PRESSURES NEAR A PROPELLER 
IN FLIGHT INCLUDING CONSIDERATIONS OF THE 
CHORDWISE BLADE LOADING. C. E. Watkins and 
B. J. Durling. US, NACA TN 3809, Nov., 1956. 
68 pp. Review of previously derived general ex- 
pressions for the case of a propeller with uniform 
chordwise forces. Consideration is given to the ef- 
fects of nonuniform chordwise and radial blade 
loading. Tabulated values of certain definite inte- 
grals that are involved in the calculation of a near- 
field propeller noise regardless of the form of the 
chordwise forces are presented, 


TENTATIVE METHOD FOR CALCULATION OF 
THE SOUND FIELD ABOUT A SOURCE OVER 
GROUND CONSIDERING DIFFRACTION AND SCAT- 
TERING INTO SHADOW ZONES. Appendix - TWO- 
DIMENSIONAL ANALYSIS OF DIFFRACTED FIELD 
IN WIND-CREATED SHADOW; CYLINDRICAL 
SOURCE IN WIND GRADIENT. D. C. Pridmore- 
Brown and Uno Ingard. US, NACA TN 3779, Sept., 
1956. 33 pp. Analysis for determining the sound 
field about a source, considering the effects ofver- 
tical temperature, wind gradients, and the scatter- 
ing of sound by turbulence into shadow zones. The 
diffracted field in a wind created shadow zone is 
studied theoré¢tically in the two-dimensional case 
and is shown to be similar to results obtained for 
a temperature-created shadow field. The frequen- 
cy and wind-velocity dependence of the scattered 
field into the shadow zone is estimated from the 
Lighthill theory, and on the basis of these two field 
contributions a semiempirical formula is construct- 
ed for the total field containing two adjustable pa- 
rameters. From this expression a set of charts is 
prepared, showing equal sound-pressure contours 
at 10 ft. above ground for various source heights, 
wind velocities, and frequencies. 


January, 1957 


AERODYNAMICS 


Aerothermodynamics 


RESEARCH ON THE STUDY OF THE CONDI- 
TIONS SURROUNDING A BODY MOVING AT THE 
HIGH SPEEDS IN THE IONOSPHERE. Lab. Medi- 
terranéen de Rech. Thermodynamiques TR (AFOSR 


TR 56-24) [AD 89497], July, 1956. 41 pp. Develop- 


ment of an apparatus to measure the rise in tempera- 
ture and the stagnation pressure of a body moving 

in a rarefied gas. The apparatus consists of two 
arms revolving at high speed in a vacuum tank, The 
arms are driven by a direct-current motor with 
electronic control by means of a completely vacuum- 
tight, high speed rotary seal. The rotary seal is 
hollow and allows the passage of thermocouple wires 
which are connected to concentric turning contacts 
that give very accurate measurements of tempera- 
ture. The stagnation pressure at the extremity of 
the arm is measured by means of special micro-ion- 
ization gages set on the secondarm. The models 
to be investigated are fixed on plexiglass supports 
set inthe arm. Preliminary test results are pre- 
sented, and future development is discussed. 


CHARTS ADAPTED FROM VAN DRIEST'S TUR- 
BULENT FLAT-PLATE THEORY FOR DETERMIN- 
ING VALUES OF TURBULENT AERODYNAMIC 
FRICTION AND HEAT~TRANSFER COEFFICIENTS. 
D. B. Lee and M. A. Faget. US, NACA TN 3811, 
Oct., 1956. 16 pp. Modification of the Van Driest 
flat-plate theory for turbulent boundary layers for 
simplifying the calculation of local skin-friction 
coefficients. These coefficients facilitate (through 
Reynolds analogy) the determination of turbulent 
heat-transfer coefficients in the form of Stanton 
Number, A general formula is given and charts 


‘are presented for solving the modified method for 


Mach Numbers 1.0 to 12.0, temperature ratios 0.2 
to 6.0, and Reynolds Numbers 0.2 x 106 to 200 x10, 
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INVESTIGATION OF HEAT TRANSFER FROM 
A STATIONARY AND ROTATING ELLIPSOIDAL 
FOREBODY OF FINENESS RATIO 3. J. P. Lewis 
and R. S. Ruggeri. US, NACA TN 3837, Nov., 
1956. 46 pp. ll refs. Test results obtained over 
a range of conditions including air speeds up to 240 
knots, rotational speeds up to 1,200 r.p.m., and 
angles of attack of 0, 3, and 6°. These resultsare 
presented in the form of heat-transfer coefficients 
and the correlation of Nusselt and Reynolds Num- 
bers. The experiments agree well with theoretical 
predictions for uniform surface distribution. Com- 
plete agreement was not obtained with uniform in- 
put heat density in the laminar-flow region owing 
to conduction effects. No significant effects of ro- 
tation were noted, and changes in the angle ofattack 
had only minor effect on the local heat transfer. 
Transition from laminar to turbulent heat transfer 
occurred over a wide range of Reynolds Numbers. 
The location of transition depended primarily on 
surface roughness, plus pressure and temperature 
gradients. Limited transient heating data indicate 
that the variation of surface temperature with time 
followed closely an exponential relation. 


Boundary Layer 


INTEGRATION OF THE BOUNDARY-LAYER 
EQUATIONS. D. Meksyn. Proc. Royal Soc. (Lon- 
don), Ser. A, Nov. 20, 1956, pp. 543-559. 16 refs. 
Improvement of Meksyn's original method, and 
evaluation of the improved version by application tu 
the Blasius and Falkner-Skan equations and to the 
general boundary-layer equation for the case of flow 
past an elliptic cylinder, measured by Schubauer. 
The original procedure consists in finding an asymp- 
totic solution containing an unknown parameter which 
is, in turn, found by evaluating certain definite inte- 
grals by what is virtually the method of steepest 
descent. 


FLIGHT EXPERIMENTS ON THE BOUNDARY 
LAYER CHARACTERISTICS OF A SWEPT BACK 
WING. L. D. Allenand F. M. Burrows. Coll. of 
Aeronautics, Cranfield, Rep. 104, July, 1956. 56 
pp. 15 refs. Tests to study the transition mecha- 
nism from in-flight boundary-layer measurements 
on an untapered, untwisted 45° swept-back half 
wing of thin symmetrical section mounted vertical- 
ly on top of the fuselage of an Anson Mark I aircraft. 
Attention is given to the design, development, and 
construction of a suitable boundary-layer travers- 
ing gear. Static-pressure distributions and the 
locations of transition for both surfaces are deter- 
mined by means of the creeping surface pitot tech- 
nique over an incidence range of 0° to 10° and at 
Reynolds Numbers of 4, 41/2, 5, 6, 7, and 8 million, 
with results, in agreement with those obtained by But- 
ler, indicating that such transition moves towards the 
leading edge with increase of either incidence or 
Reynolds Number. 


ANALYSIS OF PARTICLE MOTIONS FOR A 
CLASS OF THREE-DIMENSIONAL INCOMPRESSI- 
BLE LAMINAR BOUNDARY LAYERS. A. G. Han- 
senand H. Z. Herzig. US, NACA TN 3840, Nov.. 
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1956. 22 pp. Calculation of the positions of par- 
ticles at various time intervals on a flat surface for 
main flows consisting of streamline translates having 
constant axial velocity. It is shown that boundary- 
layer particles initially arrayed on a line normal to 
the surface trace out twisted surfaces as they prog- 
ress downstream. Tables are presented for com- 
puting curves formed by the instantaneous positions 
of the particles at various time intervals for main- 
flow streamlines that can be approximated by third 
order polynomials. This table facilitates rapid 
computation of the residence times of boundary- 
layer particles for a given flow configuration. 


ON POSSIBLE SIMILARITY SOLUTIONS FOR 
THREE-DIMENSIONAL INCOMPRESSIBLE LAMI- 
NAR BOUNDARY LAYERS. I - SIMILARITY WITH 
RESPECT TO STATIONARY RECTANGULAR CO- 
ORDINATES. A. G. Hansen and H. Z. Herzig. US, 
NACA TN 3768, Oct., 1956. 30 pp. 20 refs. The- 
oretical investigation to obtain further extensions 
of the known similarity solutions and to derive new 
similarity parameters by means of a systematic 
analysis using group theoretic approaches. Solu- 
tions derived include cases of accelerating or de- 
celerating main flows for general streamline paths 
not confined to flow fields of streamline translates. 
These solutions are summarized in table form, and 
the mainstream velocity components, the general- 
ized similarity parameter, and the final set of or- 
dinary differential equations for each family of 
mainstream flow are also included, 


EIN EINFACHES NAHERUNGSVERFAHREN 
ZUM BERECHNEN DER LAMINAREN REIBUNGS- 
SCHICHT MIT ABSAUGUNG. E. Truckenbrodt. 
Forschung Gebiete Ing., Ausg. A, No. 5, 1956, pp. 
147-157. 13 refs. In German. Derivation of a 
simple approximate method for calculating bounda- 
ry layer with suction. The method permits a rapid 
evaluation of the boundary layer quantities for two- 
dimensional cases and for cases of rotational sym- 
metry with arbitrarily given distributions along the 
body of the continuous suction velocity. Results are 
compared with those obtained by other exact or ap- 
proximate methods. 


A LOW-SPEED EXPERIMENTAL INVESTIGA- 
TION OF THE EFFECT OF A SANDPAPER TYPE 
OF ROUGHNESS ON BOUNDARY-LAYER TRANSI- 
TION. A. E. von Doenhoff and E. A. Horton. US, 
NACA TN 3858, Oct., 1956. 43 pp. 14 refs. Pres- 
sure-tunnel tests to determine the influence of the 
size and location of sandpaper-type roughness on 
the Reynolds Number for transition. Transition is 
observed by means of a hot-wire anemometer lo- 
cated at various chordwise stations for each posi- 
tion of the roughness. Results indicate that, when 
roughness is sufficiently submerged in the bounda- 
ry layer to provide a substantially linear variation 
of boundary-layer velocity with distance from the 
surface up to the top of the roughness, turbulent 
"spots" begin to appear immediately behind the 
roughness when the Reynolds Number, basedonthe 
velocity at the top of the roughness and the rough- 
ness height, exceeds a value of about 320. 
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THE LAW OF THE WAKE IN THE TURBULENT 
BOUNDARY LAYER. Donald Coles. J. Fluid Mech 
July, 1956, pp. 191-226. 30 refs. Survey of mean- 
velocity profile measurements in various two-di- 
mensional incompressible turbulent boundary-layer 
flows in order to represent the profile by a linear 
combination of two universal functions. 
ed the law of the wall, while the other is called the 
law of the wake. The latter is characterized by the 
profile at a point of separation or reattachment. 
These functions are considered to be established 
empirically without reference to any hypothetical 
mechanism of turbulence. 
plete analytic representation for the mean velocity 
field, the shearing-stress field for several flowsis 
computed from the boundary-layer equations and 
compared with experimental data. 


TURBULENT SHEAR SPECTRA AND LOCAL 
ISOTROPY IN THE LOW-SPEED BOUNDARY LAY- 
ER. V. A. Sandborn and W. H. Braun. US, NACA 
TN 3761, Sept., 1956. 34 pp. 
of local isotropy by measuring turbulent shear spec - 
tra and by comparison with previously obtained lon- 
gitudinal turbulent energy spectra. The time deriv- 
atives of turbulent velocities in the x- and y-direc- 
tions for various frequency bands are also meas- 
ured. Results present no evidence of local isotro- 
py in the boundary layer. 
ating the turbulent dissipation term fail to give con- 
sistent answers, further emphasizing a lack of local 
isotropy. 


SOME OBSERVATIONS ON MAXIMUM PRES- 
SURE RISE ACROSS SHOCKS WITHOUT BOUNDARY 
LAYER SEPARATION ON AIRFOILS AT TRANSON- 
IC SPEEDS. W. F. Lindsey and P. J. Johnston. 
US, NACA TN 3820, Nov., 1956. 27 pp. 17 refs. 


Investigation of two-dimensional flow along flat 
plates having rounded leading edges to provide ad- 
ditional information on shock-induced separation. 
The results indicate that laminar boundary layers 
can sustain the theoretical pressure rise for normal 
shocks without separating, provided that the local 
Mach Numbers are less than1.4. The permissible 
pressure rise across shocks without boundary-layer 
separation on airfoils having flat or convex surfaces 
is observed to increase with an increase in angle of 
attack and the proximity of shock to the airfoil lead- 
ing edge. 


Fluid Mechanics & Aerodynamic Theory 


PARTICULAR SOLUTIONS FOR FLOWS AT 
MACH NUMBER 1. 


US, NACA TN 3868, Nov., 1956. 32 pp. Analysis 
of the small-disturbance equation for flow at M=l, 
using a separation-of-variables technique with the 


assumption that the perturbation potential multiplied metry for spheres in shear flow. 


by some power of lateral distance is a function of 

a single variable related simply to lateral and lon- 
gitudinal distance. Two families of exact solutions, 
which may be patched together to simulate the flow 
over the rear half of an infinite body, appear: the 
first, which represents purely supersonic flow, is, 
in the two-dimensional case, the transonic equiva- 


Using the resulting com- 


Several methods of evalu- 


M. A. Heaslet and F. B. Fuller. pp. 142-162. 


lent of the Prandtl-Meyer expansion and leads natu- 

.,rally to simple wave systems over two-dimensional 
surfaces; the second yields, in the case of rotation- 
al symmetry-, conical field which coalesces onto the 
axis. Investigation includes calculation of a second 
family of subsonic solutions. 


One is call- 


ON STEADY LAMINAR FLOW WITH CLOSED 
STREAMLINES AT LARGE REYNOLDS NUMBER. 
G. K. Batchelor. J. Fluid Mech., July, 1956, pp. 
177-190. Analysis which shows that if the motion 
is found to be exactly steady there is an integral 
condition, arising from the existence of viscous 
forces,which must be satisfied by the vorticity dis- 
tribution no matter how small the viscosity may be. 
This condition states that the contribution from vis- 
cous forces to the rate of change of circulation 
around any streamline must be identically zero. The 
inviscid flow equations are then combined with this 
integral condition in the case where streamlines lie en- 
tirely in the region of small viscous forces. In two- 


17 refs. Investigation dimensional closed flows, the vorticity is found to 


be uniform in a connected region of small viscous 
forces. Analogous results are obtained for rotation- 
ally symmetric flows with.azimuthal swirl, and for 
a certain class of flows with swirl having no interior 
boundary to the streamlines in an axial plane. 


RESEARCH ON THE PHYSICS OF AIR VISCOSI- 
TY. I, I1- A CENTRIPETAL PUMP EFFECT IN 
AIR, J. F. T. Blott and Markus Reiner. III-A 
CENTRIPETAL AIRPUMP. B. Popper and Markus 
Reiner. Technion Res. Devel. Found., Haifa, TR 
(AFOSR TN 56-114) [AD 82510], 1956. 33 pp. Ex- 

- perimental investigation using an especially con- 
structed arrangement of instruments constituting 

a centripetal air pump to study the dependence of 
pressure inside the rotating cylinders upon the ro- 
tational velocity of the cylinders. Results lead to 
the design of an all-metal pump and to the proposal 
of a rheological equation for air based on Maxwell's 
theory that air is a viscoelastic material possessing 
an elastic sheer modulus, hence a finite time of re- 
laxation - a theory which is confirmed by these ex- 
periments. The new pump consists of two circular 
plates - one stationary and the other rotating oppo- 
site it - with a very narrow gap between them 
through which the air is drawn in a centripetal di- 
rection at certain high rotational speeds. 


THE DISPLACEMENT EFFECT OF A SPHERE 
IN A TWO-DIMENSIONAL SHEAR FLOW. Appen- 
dix - SHEAR FLOW PAST TWO-DIMENSIONAL 
BODIES. I. M. Hall. J. Fluid Mech., July, 1956, 
10 refs. Investigation of the displace- 
ment effect of a pitot tube in shear flow. Viscosity 
is neglected so that the vorticity field alone is con- 
sidered. A solution is obtained in the plane of sym- 
This solution is 
found by making an assumption about the rate of 
stretching of vortex tubes perpendicular to the plane 
of symmetry and then considering the shear flow as 
a ‘small perturbation of a uniform flow. The experi- 
mental result obtained by Young and Maas for acon- 
ventional pitot tube is found to be of the same order. 
To a first approximation the vorticity in the plane 
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of symmetry is found to depend onlyon the distance 
from the center of the sphere. 


NEWTONIAN FLOW THEORY FOR SLENDER 
BODIES. J. D. Cole. RAND Corp. Rep. P-926, 
Sept. 25, 1956. 28 pp. 10 refs. Application ofthe 
Newtonian flow theory to gas dynamics within the 
framework of hypersonic small-disturbance theory. 
In particular the shock wave and flow fieid associ- 
ated with Newtonian flow are analyzed. A hypothe- 
sis is made that the oncoming flow loses its nor- 
mal component of momentum on striking the body. 
The equations are simplified, but are still nonlinear 
and are not capable of solution in any generality. 
Application is made to flow past bodies defined by 
r= x", At an infinite Mach Number the shock shape 
is similar to the body shape. ~ 


EXPERIMENTS ON TWO-DIMENSIONAL FLOW 
OVER A NORMAL WALL. Mikio Arie and Hunter 
Rouse. J. Fluid Mech., July, 1956, pp. 129-141. 
Investigation in which measurements of the velocity, 
pressure, and turbulence behind a series of normal 
plates in the uniform test section of an air tunnel 
are made. The oscillation of the wake is prevented 
by using symmetrically located tail plates. By a 
combination of experimental and computational tech- 
niques, details of the pattern of flow over a wall on 
a plane boundary in an infinite fluid are closely ap- 
proximated. A significant difference is indicated 
between the characteristics of such a flow andthose 
of the flow past an isolated plate with oscillating 
wake. 


INVISCID FLOW IN THE STAGNATION POINT 
REGION OF VERY BLUNT-NOSED BODIES AT HY- 
PERSONIC FLIGHT SPEEDS. R. F. Probstein. 
Brown U. Div. Eng., WADC TN 56-395 [AD 97273), 
Sept., 1956. 36 pp. 20 refs. Analysis giving an 
approximate method for solving the flow field be- 
hind a detached shock wave in the stagnation point 
region of blunt bodies with large radius-of-curva- 
ture noses. The governing parameter is shown to 
be the density ratio (K) across the detached shock 
wave, irrespective of whether the gas undergoes 
chemical changes across the shock, such as dis- 
sociation and ionization. This ratio is approximate- 
ly constant along the detached shock wave in the 
stagnation region for all supersonic Mach Numbers. 
By matching the shock wave with the incompressible 
solution for the particular nose, it is possible to ob- 
tain all the shock properties and the flow field be- 
havior in the stagnation point region. 


SUPERSONIC FLOW PAST NONLIFTING 
BUMPED AND INDENTED BODIES OF REVOLU- 
TION. F. E. McLean and Conrad Rennemann, Jr. 
US, NACA TN 3744, Sept., 1956. 39 pp. Calcula- 
tion of surface pressures, field pressures, and 
wave drag using linear theory, with results com- 
pared with the corresponding properties of a smooth 
basic body. The Whitham theory is used to correct 
field pressures for the curvature of the character- 
istics. Results indicate that relatively small sur- 
face irregularities cause large pressure disturb- 
ances both on the body and in the field; that applica- 
tion of the correction substantially changes the na- 
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ture of the pressure distribution, particularly inthe 
disturbance field generated by a surface irregulari- 
ty; and that, in general, the wave drag increases 

if volume is added to or subtracted from a smooth 
basic body so as to produce a surface irregularity 
on the basic body. The interference parameters 
are presented for two body types and a range of 
values is suggested for obtaining a reasonable esti- 
mate of the wave drag of nonsmooth bodies. 


DETERMINATION OF A CONSTANT-PRESSURE 
SURFACE IN TWO-DIMENSIONAL HYPERSONIC 
VISCOUS FLOW. R. A. Harris and T. Y. Li. 
Rensselaer Polytech. Inst., Dept. Aero. Eng., TR 
AE5604 (AFOSR TN 56-484) [AD 97368], Aug. 24, 
1956. 15 pp. Analysis to compute the body shape 
corresponding to a constant pressure field. The 
domain of disturbance around the body is assumed 
to consist of two regions. The first region is a vis- 
cous boundary layer adjacent to the body region, 
while the second region is an inviscid rotational flow 
region which extends from the outer edge of the 
boundary layer to the leading edge shock wave. The 
procedure involves calculation of the effective body 
shape by means of the tangent-wedge approximation 
and evaluation of the boundary-layer thickness by 
the momentum integral method. 


ON THE PROPAGATION OF WEAK SHOCK 
WAVES. G. B. Whitham. J. Fluid Mech., Sept., 
1956, pp. 290-318. Method for treating problems 
of the propagation and ultimate decay of shocks 
produced by explosions and by bodies in supersonic 
flight when the flow quantities depend on more than 
two variables. For shocks produced by bodies in 
supersonic flight, such problems arise when the 
body is unsymmetrical or when the velocity is not 
uniform. They also arise in explosive problems 
when the initial shape of the charge is not spherical. 
Applications are made to the problems of flow past 
a flat-plate delta wing at small incidence to the 
stream, with leading edges swept inside the Mach 
cone; and of flow past a thin wing having a finite 
curved leading edge. It is found that in any given 
direction the shock from the leading edge ultimately 
decays exactly as for the bow shock on a body of 
revolution, and that the equivalent body of revolu- 
tion for any direction is determined in terms ofthe 
thickness distribution of the wing and varies with 
the direction chosen. 


A FACTOR AFFECTING TRANSONIC LEADING- 
EDGE FLOW SEPARATION. G. P. Wood and P. 
B. Gooderum. US, NACA TN 3804, Oct., 1956. 

43 pp. Study of the consequences of shock-wave/ 
boundary-layer interaction as an important factor 
in determining the conditions causing a change in 
flow pattern observed in the Lindsey-Daley-Hum- 
phreys investigation as the free-stream Mach Num- 
ber increased in the vicinity of 0.8. It is shown 
that, when the Mach Number is high enough, the at- 
tached-flow pattern exists because then the shock 
wave is far enough behind the leading edge to keep 
the influence of the high pressure behind the shock 
wave from extending through the boundary layer to 
the immediate vicinity of the leading edge and af- 
fecting the flow there. 
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DETERMINATION DU CHAMP DE VITESSES 
EN AVAL D'UN CHOC DETACHE A PARTIR D'UN 
INTERFEROGRAMME. P. Guienne and F. Bouniol. 
La Recherche Aéronautique, Sept.-Oct., 1956, pp. 
21-31. In French. Development of a method for 
determining the speed chart and the flow curves in 
two-dimensional, rotating flow based on the spe- 
cific mass value and on the hypothesis of constant 
arresting entropy and enthalpy along the flow line 
downstream of the shock. This method, requiring 
a graphical presentation, is applicable to subsonic 
and supersonic regions, using the method of char- 
acteristics and the entropy variation for the latter 
region. 


ON THE TRANSFER OF ENERGY IN BURGERS' 
MODEL OF TURBULENCE. W. H. Reid. Appl. 
Sci. Res., Sect. A, No. 2-3, 1956, pp. 85-91. 
Analysis of the distribution of energy transfer for 
two given energy spectra: one corresponding to an 
exponential correlation function, the other to a block 
spectrum. The investigation is carried through in 
physical space under the assumption that all fourth- 
order mean values which occur in the analysis are 
related to second-order mean Values as they would 
be for a normal probability distribution. Results 
indicate that, in general, energy is transferred 
backwards to smaller wave numbers as well as 
forward to higher wave numbers. 


Internal Flow 


THE DISTRIBUTION OF IMPACTED PARTI- 
CLES OF VARIOUS SIZES ON THE BLADES OF A 
TURBINE CASCADE. D. L. Martlew. Gt. Brit., 
NGTE Memo. M.274, Oct., 1956. 34 pp. Theo- 


retical and experimental investigation of a turbine- 
blade cascade exposed to an airstream laden with 
droplets of paraffin wax. Experimentation includes 
the counting of particles in various size groups and 
the estimation of deposition-rate variation with par- 
ticle size and position on the blade surface. Analy- 
sis involves the calculation of the airflow in the cas- 
cade and the determination of the paths of small 
particles, moving initially with the air, from the 
integration of their equations of motion. The rela- 
tive deposition rates are calculated and compared 
with the measured rates, and the velocities and di- 
rections of impact with the blade are estimated. 


CALCUL APPROXIMATIF D'UNE GRILLE 
D'AUBES TRANSSONIQUE. Robert Legendre. La 


Recherche Aéronautique, Sept. -Oct., 1956, pp. 3-12. 


In French. Study of the effective determination of 
transonic blade grids emphasizing the mathematical 
aspect of the problem. A practical method is out- 
lined, and the analysis points out the applicability 
of the calculation to an exact solution through devel- 
opmental series. Proof is presented for the case 
of low-speed flow. 


QUELQUES MESURES RELATIVES A L'AMOR- 
TISSEMENT AERODYNAMIQUE DES AUBES EN 
GRILLE, A.-G. Meller and A. Berton. La Re- 
cherche Aéronautique, Sept.-Oct., 1956, pp. 13-20. 
In French. Experimental evaluation of the evolu- 
tion of aerodynamic damping on rectilinear blade 


grids asa function of several characteristic parame- 
ters. The classical "release" method is used for 
tracing the variation of the damping coefficient and 
the test installation used permits the variation of 
such parameters as pitch, choking, flow incidence, 
and speed. 


THE PULSATING VISCOUS FLOW SUPER- 
POSED ON THE STEADY LAMINAR MOTION OF 
INCOMPRESSIBLE FLUID IN A CIRCULAR PIPE. 
Shigeo Uchida. ZAMP, Sept. 25, 1956, pp. 403- 
422. Derivation of an exact solution based on the 
assumption of parallel flow to the axis of pipe. Re- 
sults indicate that the given rate of mass flow is at- 
tained in pulsating motion by giving the same amount 
of average gradient of pressure as in steady flow, 
but that excess works to the steady case are neces- 
sary for maintenance of this motion. 


FLOW THROUGH RECTANGULAR AND CIRCU- 
LAR ORIFICES AT LOW REYNOLDS NUMBERS. 
W. Wuest. (GAMM Tagung, Aachen, 1953.) Miss. 
State Coll., Aerophys. Dept., Paper, Sept. 13, 
1956. 26 pp. 15 refs. Translation. Analysis of 
Poiseuille flow considering that the width of the 
opening is small in proportion to the dimensions of 
the tube in which the aperture is placed, that the thick- 
ness of the orifice wall is small in proportion tothe 
opening, and that the flow is incompressible. Re- 
sults indicate that the pressure drop for a flow 
through rectangular and circular orifices is propor- 
tional to the flow volume for very small Reynolds 
Numbers (R<2). A quadratic relation is establish- 
ed only with larger Reynolds Numbers. For the 
two-dimensional problem and the limiting case of 
R=0 it is possible to derive an exact solution of the 
Navier-Stokes differential equation with symmetri- 
cal streamlines on the inflow as well as the outflow 
side, and to establish a formula for the pressure 
drop. 


Wings & Airfoils 


A SIMPLE METHOD FOR CALCULATING THE 
SPAN AND CHORDWISE LOADING ON STRAIGHT 
AND SWEPT WINGS OF ANY GIVEN ASPECT RA- 
TIO AT SUBSONIC SPEEDS. D. Ktichemann. Gt. 
Brit., ARC R&M 2935, 1956. 52 pp. 62 refs. BIS, 
New York, $2.43. Analysis in which the general 
downwash equation is split into two parts: one, the 
effective incidence, due to the downwash induced by 
the vorticity component along the span; and the 
other, the induced incidence, which is due to the 
downwash induced by the streamwise vorticity com- 
ponent. 


CONTROL EFFECTIVENESS TESTS AT TRAN- 
SONIC SPEEDS ON AN EC.1250 SECTION WITH » 
0.25 CHORD CONCAVE CONTROL. T. Lawrence. 
Gt. Brit., ARC R&M 2809, 1955. 7 pp. BIS, New 
York, $0.45. Experimental investigation using the 
ground-launched rocket-boosted model technique to 
determine control effectiveness over a Mach Num- 
ber range from 0. 73 to 1.5 and a Reynolds Number 
range from 3.5 x 10° to 7x 10° at Msl. Results in- 
dicate a sudden and large reversal in control effec- 
tiveness at M=0.9, but other measurements agree 
well with theoretical predictions. 


(5) 


| 
i. 
| 
at- 
k 
= 


122 AERONAUTICAL ENGINEERING REVIEW - January, 1957 


CHARTS OF THE THEORETICAL WAVE DRAG 
OF WINGS AT ZERO-LIFT. R. A. Bishop and E. 
G. Cane. Gt. Brit., RAE TN Aero. 2421, June, 
1956. 35 pp. 34 refs. Presentation of wave drag 
for double-wedge and parabolic-arc sections with 
tapered and untapered plan forms. Results also in- 
clude the values given by linear theory for the drag 
when A{M2 - 1 = 0 for all the wings considered. The 
three geometrical parameters used to define the 
airfoils are aspect ratio (A), sweepback of the half- 
chord line (Al/2), and the taper ratio (”). The 
effect of maximum-thickness position for both types 
of airfoil sections, and the effect of taper are also 
discussed. 


THE WAVE DRAG AT ZERO LIFT OF SLENDER 
DELTA WINGS AND SIMILAR CONFIGURATIONS. 
M. J. Lighthill. J. Fluid Mech., Sept., 1956, pp. 
337-348. Application of Ward's slender-body theo- 
ry of supersonic flow to bodies terminating in either 
(1) a single trailing edge at right angles to the on- 
coming supersonic stream, (2) two trailing edges at 
right angles to one another as well as to the oncom- 
ing stream, or (3) acylindrical section with two or four 
identical fins equally spaced around it. The method 
is compared with ordinary finite-wing theory, and 
within the limit imposed by slenderness, is foundto 
be simpler and more widely applicable. 


THE AERODYNAMICS OF BODIES IN NON- UNI: 
FORM FLOW. Enrico Pistolesi and Marino Marini. 
U. Pisa, Inst. Aero. (AFOSR TR 56-37) [AD 96513], 
1956. 44 pp. Theoretical investigation of anairfoil 
immersed in a stream of given velocity adjacent to 
another stream of different velocity in order to ex- 
amine the two-dimensional flow of two subsonic 
streams of compressible fluid. Consideration is 
given to the cases of an airfoil immersed in (a) two 
semiinfinite streams, (b) one semiinfinite stream 
adjacent to another which is bounded by a rigid wall, 
and (c) one semiinfinite stream adjacent to a jet of 
different velocity. In all the above cases subsonic 
velocities are assumed, but the case of an airfoil 
immersed in a subsonic semiinfinite stream adja- 
cent to another stream of supersonic velocity is also 
examined briefly. Calculations make use of small 
disturbance theory as well as Pistolesi's method 
for analyzing biplanes and the mutual interactions 
of lifting systems. 


THEORETICAL LIFT DUE TO WING INCIDENCE 
OF SLENDER WING-BODY-TAIL COMBINATIONS 
AT ZERO ANGLE OF ATTACK. A. H. Sacks. US, 
NACA TN 3796, Nov., 1956. 35 pp. 16 refs. Anal- 
ysis to determine the paths of the vortices in the 
presence of the body assuming that the vortex sheet 
becomes fully rolled up ahead of the base of the 
afterbody. This is done by a solution of the prob- 
lem of motion of a two-dimensional vortex pair past 
a circular cylinder. This solution is used to deter- 
mine the total lift of several wing-body-tail combi- 
nations, and lift curves are presented for a variety 
of tail lengths, span ratios, and body sizes. The 
lift due to the rolling-up of the vortex sheet is in- 
cluded and is discussed in relation to the calculated 
results. It is found that a short afterbody carries 
positive lift and that a long afterbody carries nega- 
tive lift. 
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AEROELASTICITY 


CORRECTED DISCONTINUITIES IN STRUCTUR- 
AL STABILITY PROBLEMS. A. H. Chilver. J. 
Mech. & Phys. Solids, Nov., 1956, pp. 9-17. De- 
scription of a method for deriving the basic differ- 
ential equations of a structural-stability problem. 
Discussion of the torsional-flexural buckling of an 
axially loaded strut shows how this procedure, 
which is different in concept from the conventional 
equilibrium-strain-compatibility approach, makes 
direct use of the linear-elastic properties of the 
structure. 


WIND TUNNEL TESTS ON THE EFFECT OF 
SPAR VARIATIONS ON THE FLUTTER OF A MOD- 
EL WING. D. R. Gaukroger. Gt. Brit., RAE TN 
Struc.203, July, 1956. 12 pp. Results of low- 
speed wind-tunnel experiments on a segmented mod- 
el. The design of the model enables different flex- 
ural axis positions to be obtained over the inboard 
and outboard portions of the wing. The spanwise 
stiffness distribution of the wing is also variable. 
A total of 27 different spar combinations were test- 
ed, and in each condition the model was resonance 
tested and its flutter speed measured. Results in- 
dicate that the effects of varying the flexural axis 
do not cause any significant alteration of the flutter 
characteristics. 


ON THE EFFECTS OF THE ADDITION OF MASS 
TO VIBRATING SYSTEMS. George Handelman and 
Hirsch Cohen. Rensselaer Polytech. Inst. Dept. 
Math., RPI MathRep. 4 (AFOSR TN 56-387) [AD 
96045], Sept. 1, 1956. 13 pp. Study of the character- 
istic frequencies ofa circular plate carrying a rigidly 
attached, rigid, concentric, circular mass of finite 
area and vibrating symmetrically. The main prob- 
lem is that of determining the ranges of the param- 
eters for which frequencies will always be above 
and always be below those of the unloaded case. The 
results obtained are cornpared with those previously 
found for longitudinal and transverse vibrations of 
both bars and membranes. It is found that critical 
values of the parameters depend on the specific 
system under study. The first term in the asymp- 


totic expansion of the higher frequencies is obtained. 


It is also found that the density ratios do not enter 
this term and the plate behaves like a beam. This 
is similar to the case of the membrane which be- 
haves like a bar under longitudinal motion. 


EXPERIMENTAL STEADY-STATE YAWING 
DERIVATIVES OF A 60° DELTA-WING MODEL 
AS AFFECTED BY CHANGES IN VERTICAL POSI- 
TION OF THE WING AND IN RATIO OF FUSELAGE 
DIAMETER TO WING SPAN. B. M. Jaquet and H. 
S. Fletcher. US, NACA TN 3843, Oct., 1956. 20 
pp. Investigation at a Mach Number of 0.13 and 
Reynolds Number of 1.65 X 10® on a delta wing mod- 
el having ratios of fuselage diameter to wing span 
of 0.123, 0.165, and 0.246. The results indicate 
that for angles of attack below the stall the steady- 
state damping in yaw decreases when the wing is 
raised from a low to a middle or high position on 
each of the three fuselage sizes investigated. With 
the vertical tail on or off, the steady state damping 
in yaw increases with an increase in fuselage size. 
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The results of calculations of the oscillatory damp- 
ing in yaw for the model with the large fuselage in- 


cient for wings in a sinusoidally oscillating gust and 
in the form of the real and imaginary parts of the 


dicates that the effects of wing position would be op- lift component for wings undergoing sinusoidal sink- 
posite to those determined under steady-state condi- ing oscillations. 


tions. For angles of attack below the stall, the 
raising of the wing produces a positive increment in 
the rolling moment due to yawing, and fuselage size 
has little effect on this parameter. 


THE OSCILLATING AEROFOIL IN SUBSONIC 
FLOW. W. P. Jones. Gt. Brit., ARC R&M 2921, 
1956. 16 pp. 14 refs. BIS, New York, $0.81. De- 
velopment of a method for calculating the aerody- 
namic forces and application of the method to derive 
the aerodynamic coefficients for M=0.7, 0.8, and 
0.9 over a range of frequency-parameter values. 

In the analysis, which is based on the usual assump- 
tions for linearized theory for unsteady flow, the 
two-dimensional airfoil is represented by a flat 
plate and the problem, reduced to an integral equa- 
tion for the velocity potential of the disturbed flow, 
is solved by the use of the known solution of a re- 
lated problem in incompressible flow. 


LOADING CONDITIONS OF TAILED AIRCRAFT 
IN LONGITUDINAL MANOEUVRES. T. Czaykowski. 
Gt. Brit., ARC R&M 3001, 1956. 59 pp. 25 refs. 
BIS, New York, $2.88. Theoretical investigation 
geared to the designer's requirements and basedon 
the theory of aircraft response to elevator-induced 
longitudinal maneuvers. Basic response functions 
are derived for the chosen, exponential type of ele- 
vator motion, and frozn these general expressions 
for various derived response quantities are obtained 


MULTHOPP'S SUBSONIC LIFTING-SURFACE 
THEORY OF WINGS IN SLOW PITCHING OSCILLA- 
TIONS. Appendix I, II - INSTRUCTIONS FOR COM- 


AIRPLANE DESIGN 


Air Conditioning & Pressurization 


ENGINEERING STUDY OF AIR CONDITIONING 
LOAD REQUIREMENTS FOR AIRCRAFT COM- 
PARTMENTS. W. L. Torgeson, H. C. Johnson, 
and N. B. Wright, Jr. USAF WADC TR 55-254 
[AD 90530], June, 1955. 185 pp. 34 refs. Methods 
for calculating the cabin air-conditioning loads in 
modern aircraft. Treatments are given for both 
the steady-state and the transient cases. A number 
of auxiliary sections are also given to illustrate 
special problems and to point out methods for mini- 
mizing the load. The methods of analysis are given 
in a simplified form suitable for routine calcula- 
tions, with graphical presentation of much of the 
information needed for computation of heating or 
cooling loads. 


Cockpits 


GUNFIRE TESTS ON TRANSPARENT PANELS. 
USAF WADC TR 54-461 [AD 97347], Oct., 1954. 
237 pp. Results of bullet penetration tests con- 
ducted on monolithic and laminated transparent 
plastic and glass panels, using critical velocity pro- 
jectiles. The-plastic sheets were tested in both 
curved and flat conditions mounted on an insulated 
airtight cell, pressurized to 10 psi above ambient. 


* The temperature within the cell was constant at 


70°F. ambient with the outside of the cell having a 
temperature range from -65°F. to +120°F. In gen- 
eral the laminated methyl methacrylate shows the 


PUTERS. Appendix III - LOW ASPECT RATIO THE- best resistance to gunfire and spalling through the 


ORY. H. C. Garner. Gt. Brit., ARC R&M 2885, 
1956. 49 pp. 18 refs. BIS, New York, $2.34. Ex- 
tension of Multhopp's subsonic lifting-surface theo- 
ry from steady flow to harmonic pitching oscilla- 
tions of low frequency. The method is applicable to 
wings of arbitrary plan form. 


CALCULATION AND COMPILATION OF THE 
UNSTEADY-LIFT FUNCTIONS FOR A RIGID WING 
SUBJECTED TO SINUSOIDAL GUSTS AND TO SI- 
NUSOIDAL SINKING OSCILLATIONS. Appendix A, 
B - ASYMPTOTIC BEHAVIOR OF OSCILLATORY 
LIFT COEFFICIENTS AS DETERMINED FROM 
INDICIAL LIFT FUNCTIONS. Appendix C - INDI- 


test temperature range. 


Control Systems 


PERFORMANCE CHARACTERISTICS OF RING- 
CASCADE-TYPE THRUST REVERSERS. J. G. 
McArdle. US, NACA TN 3838, Nov., 1956. 53 pp. 
Experimental investigation of model ring-cascade 
reversers, consisting of a cascade of turning rings 
plus a mechanical deflector positioned aft ,of a 4-in. 
exhaust nozzle with a 7° external fairing, in quies- 
cent air,to determine the effect of geometric design 
variables on performance and reversed-flow fields. 
Results indicate that reverse-thrust ratios up to 


CIAL LIFT FUNCTION FOR DELTA WING OF VAN- 68% are obtainable; that the most important varia- 


ISHING ASPECT RATIO IN COMPRESSIBLE FLOW 
PENETRATING A SHARP-EDGED GUST. J. A. 
Drischler. US, NACA TN 3748, Oct., 1956. 59pp. 
23 refs. Consideration is given to two-dimensional 
wings in incompressible, subsonic compressible, 
sonic, and supersonic flows; elliptical and rectan- 
gular wings in incompressible flow; wide rectangu- 
lar and delta wings in supersonic flow; and delta 
wings of vanishingly low aspect ratio inincompress- 
ible and compressible flow. Closed-form expres- 
sions are derived for most of the cases considered, 
and the final results are presented in the form of 
plots of the square of the modulus of the lift coeffi- 


bles affecting performance are deflector blockage, 
reverser working area, and ring-spacing ratio; that 
the reverse-thrust ratio is reduced when the re- 
versed-flow field is altered to obtain a two-lobed 
pattern; and that the modulation characteristics of 

a typical shrouded ring-cascade reverser are satis- 
factory. 


Seating 


SEAT DESIGN FOR CRASH WORTHINESS. I.I. 
Pinkel and E. G. Rosenberg. US, NACA TN 3777, 
Oct., 1956. 42 pp. Study of several crash decelera- 
tion records from which a simplified model of a 
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crash deceleration pulse is suggested. The results 
of a mathematical analysis of the seat-passenger 
deceleration in response to the airplane decelera- 
tion pulse is provided. From this information the 
maximum deceleration loads experienced by the 
seat and passenger in response to the airplane de- 
celeration can be computed. Seat failure is consid- 
ered to be a progressive process, which begins 
when the seat is deformed beyond the elastic limit. 
A method is presented that shows how to arrive at 
a combination of seat strength, natural frequency, 
and ability to absorb energy in deformation beyond 
the elastic limit for allowing the seat to serve 
without failure through an airplane deceleration 
.pulse taken as the design requirement. 


AVIATION MEDICINE 


AUDITORY GUIDANCE STUDIES. I. Kohler. 
Innsbruck U., Inst. Exper. Psych. Rep. (AFOSR 
TR 56-43) [AD 97077], 1956. 62 pp. 47 refs. In- 
vestigation of the faculty described as an obstacle 
sense, in which orientation information is imparted 
by a person's sense of hearing rather than his visual 
perception. Several problems are presented and 
studied. These include determination of optimum 
conditions for the obstacle sense to exist, the value 
of training in obstacle-sense performance, finding 
the limits of orientation by auditory cues, and de- 
termination of the relationship between auditory 
stimuli and peculiar facial sensations which occur 
with detection of obstacles. 


ELECTRONICS 
Amplifiers 


VIBRATSIONNYE USILITELI I IKH PRIMENE- 
NIIE V SLEDIASHCHIKH SISTEMAKH. Ia. E. Gu- 
kailo and S. M. Fedorov. Avtomatika & Teleme- 
khanika, Oct., 1956, pp. 921-928. In Russian. In- 
vestigation of the performance of some vibration 
amplifiers designed on polarized relays with self- 
excitation and with excitation from an external 
source. Application to servomechanisms is also 
analyzed. 


VLUANIE OKHVATYVAIUSHCHEI OBRATNOI 
SVIAZI NA MNOGOKASKADNYE MAGNITNYE USI- 
LITELI. N. P. Vasil'eva and M. A. Boiarchenkov. 
Avtomatika & Telemekhanika, Oct., 1956, pp. 929- 
935. In Russian. Study of the effect of enfolding 
feedback on fast operation of cascade magnetic am- 
plifiers. Expressions characterizing the fast oper- 
ation of an amplifier with electric and magnetic 
feedback are derived. 


Telemetry 


SINKHRONNYI FILTR-GENERATOR DLIA CHAS- 
TOTNYKH USTROISTV TELEMEKHANIKI. V. L. 
Inosov and A. M. Luchuk. Avtomatika & Teleme- 
khanika, Oct., 1956, pp. 936-940. In Russian. De- 
scription of a narrow-band frequency filter com- 
bined with a frequency generator. The filter opera- 
tion is based on the principle of synchronism and 
nonsynchronism of signal frequencies and the local 
generator frequencies. 
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FUELS & LUBRICANTS 


EFFECT OF PRESSURE ON THE SPONTANE- 
OUS IGNITION TEMPERATURE OF LIQUID FUELS. 
Cleveland O'Neal, Jr. US, NACA TN 3829, Oct., 
1956. 21 pp. 14 refs. Measurement in air of spon- 
taneous ignition temperatures for n-heptane, ben- 
zene, and JP-4 and JP-5 fuels in the pressure 
range of 1 to 9 atmospheres. Tests include meas- 
urement of time lags before ignition and indicate a 
decrease in fuel temperatures with increasing pres- 
sure. A solid stream of fuel is used, and the fuel 
charges varied so as to obtain the lowest tempera- 
ture at which spontaneous ignition occurs. 


INSTRUMENTS 


Automatic Control 


K OTSENKE KACHESTVA SISTEM AVTOREGU- 
LIROVANIIA PO ZAPASU USTOICHIVOSTI PO MO- 
DULIU I FAZE I VELICHINE M. M. V. Meerov. 
Avtomatika & Telemekhanika, Oct., 1956, pp. 865- 
870. In Russian. Critical analysis of the method 
for evaluating control systems quality after stabili- 
ty, modulus and phase, and magnitude M. The 
method is compared with other frequency methods 
of quality evaluation. 


Flow Measuring Devices 


AN AIR-FLOW-DIRECTION PICKUP SUITABLE 
FOR TELEMETERING USE ON PILOTLESS AIR- 
CRAFT. W. L. Ikard. US, NACA TN 3799, Oct., 
1956. 25 pp. Description of a free-swiveling vane- 
type pickup applicable in both angle-of-attack and 
angle-of-sideslip directions. Test results obtained 
from a bench calibration to evaluate the pickup 
accuracy, and equations and curves which can be 
used to determine flow direction at the c.g. ofa 
maneuvering model, are also presented. The de- 
vice has variable~-inductance output suitable for use 
in the 100 to 200 kcps. subcarrier frequency range 
of the NACA FM-AM telemetering system, and pre- 
liminary test results indicate that it can also be 
adapted for use with the audio subcarrier frequen- 
cies of the Research and Development Board 
standard FM-FM telemetering system. 


Pressure Measuring Devices 


A METHOD OF CALCULATING THE RESPONSE 
TIME OF PRESSURE MEASURING SYSTEMS. R. 
C. Bauer. USAF AEDC TR 56-7 [AD 98978], Nov., 
1956. 33 pp. Derivation of theoretical lag-time 
equations for single- and double-tube pressure- 
measuring systems connected to manometers or to 
measuring instruments of constant volume. Qualify- 
ing parameters which relate the applicability of the 
lag-time equation to any particular pressure-meas- 
uring system are also developed. A comparison of 
response characteristics predicted by these equa- 
tions with response characteristics obtained experi- 
mentally for pressure-measuring systems used in 
wind tunnels indicates that these equations can be 
used to estimate the lag time of wind-tunnel pres- 
sure-measuring systems to within 10% or 20%. 
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Temperature Measuring Devices 


RADIATION AND RECOVERY CORRECTIONS 
AND TIME CONSTANTS OF SEVERAL CHROMEL- 
ALUMEL THERMOCOUPLE PROBES IN HIGH- 
TEMPERATURE, HIGH-VELOCITY GAS STREAMS. 
G. E. Glawe, F. S. Simmons, and T. M. Stickney. 
US, NACA TN 3766, Oct., 1956. 25 pp. Experi- 
mental investigation of several designs of shielded 
and unshielded thermocouple probes, with a review 
of the theory of gas temperature measurements, 
and an analysis of obtained data. Includes tables 
and graphs giving correction factors for the vari- 
ous designs as an aid in probe selection for partic- 
ular applications. Radiation and time-constant 
data are obtained for Mach Numbers from 0.3 to 
0.9, static pressures from 2/3 to 11/3 atmospheres, 
and temperatures from 1500° to 2500° R; recovery 
data for Mach Numbers from 0.2 to 0.9 and static 
pressures from 1/7 to 1 2/3 atmospheres, at room 
temperature. Analysis of the data indicates that 
simple empirical formulas can be used to correlate 
corrections for various gas-stream conditions. 


MATERIALS 
Metals & Alloys 


THE THERMAL DECOMPOSITION OF COM- 
PLEX ZINC AND CADMIUM CHROMES. H. G. 
Cole and L. F. Le Brocq. Gt. Brit., RAE TN 
Met. 242, May, 1956. 4 pp. Experimental investi- 
gation of four compiex basic chromes - potassium 
and zinc, sodium and zinc, potassium and cadmium, 
and ammonium and cadmium - as a step in the de- 
velopment of a protective paint which will withstand 
raised temperatures. Two dehydrated forms ofthe 
potassium-zinc compound are found as the result of 
these tests, and the second of these compounds is 
shown to be stable at 380°C. The single dehydrated 
form of the potassium-cadmium compound is stable 
to 550°C. 


Metals & Alloys, Nonferrous 


THE STRUCTURE AND LOW TEMPERATURE 
EMBRITTLEMENT OF TITANIUM-ALUMINIUM 
ALLOYS. K. S. Jepson, G. I. Lewis,andD. Clark. 
Gt. Brit., RAE TN Met.241, June, 1956. 31 pp. 

23 refs. Investigation of the mechanical properties 
of Ti-10 per cent Al as part of a general study to 
find a titanium alloy with a higher shear modulus. 


HEAT-CAPACITY MEASUREMENTS OF TITA- 
NIUM AND OF A HYDRIDE OF TITANIUM FOR 
TEMPERATURES FROM 4° TO 15° K INCLUDING 
A DETAILED DESCRIPTION OF A SPECIAL ADIA- 
BATIC SPECIFIC-HEAT CALORIMETER. Appen- 
dix - CALCULATION OF EFFECTIVE HEAT CA- 
PACITY OF HELIUM GAS IN THERMOMETER. M. 
H. Aven, R. S. Craig, and W. E. Wallace. US, 
NACA TN 3787, Oct., 1956. 30 pp. The instru- 
ment described uses a constant-volume helium gas 
thermometer as the working thermometer, the gas- 
thermometer bulb as the sample container (the sam- 
ple is placed directly in it), and a semiautomatic 
direct-reading manometer for rapid pressure meas- 
urements. 


A COMPARISON OF THE FATIGUE PROPER- 
TIES OF THE HIGH-STRENGTH ALUMINIUM-COP- 
PER-ZINC ALLOYS WITH THE ALUMINIUM-COP- 
PER DURALUMIN TYPE ALLOYS. R. G. Ward. 
Gt. Brit., RAE TN Met. 244, Apr., 1956. 27 pp. 


12 refs. Results indicate that, under all testing 
conditions, the performance of high-strength alloys 
- if judged by the ratio of alternating stress/U.T.S. 
- is inferior to that of the older aluminum-copper 
alloys, and that designing to static-strength re- 
quirements will result in a lower fatigue life for 
structures of high-strength alloys. 


Nonmetallic Materials 


DE TREKSTERKTE EN DE LANGE-DUURSTERK- 
TE VAN MET REDUX GELIJMDE 75 S-TCLAD EN- 
KELVOUDIGE LAPNADEN TUSSEN KAMERTEM- 
PERATUUR EN 80°C. A. Hartman. Netherlands, 
NLL Rep. M.2009, June, 1956. 44 pp. In Dutch. 
Tensile and time-to-fracture tests on Redux-bonded 
75 S-T-clad single lap joints at temperatures rang- 
ing from room temperature to 80°C., and evalua- 
tion of the resulting data to determine their validity 
as a check on the hardening of the adhesive. The 
behavior of the tensile and long-term strengths at 
increasing temperature is shown to be qualitatively 
similar: at increasing temperature they first re- 
main practically unchanged; above a certain temper- 
ature they decrease rather rapidly; and the transi- 
tion temperature depends on the curing of the adhe- 
sive. The use of Redux film rather than Redux liq- 
uid and powder requires a 10° to 15°C. higher cur- 
ing temperature to reach the same strength at ele- 
vated temperature. 


MATHEMATICS 


SOME ALGEBRAIC ASPECTS OF LOGIC. M.H. 
Stone. Chicago U. Dept. Math. TR (AFOSR TN 56- 
434) [AD 96517], July 1, 1955-June 30, 1956. 78pp. 
15 refs. Application of free algebraic methods to 
formal logic, in order to provide illustrations ofthe 
methodological point of view. Algebraic structures 
are treated as a given type of homomorphs of free 
algebra. The theory of free and bound variables is 
developed to overcome the difficulties encountered 
when quantifiers and substitutions as variables are 
introduced into the passage from the sentential cal- 
culus to the predicate calculus. 


ON A FREDHOLM EQUATION IN DIFFRACTION 
THEORY. I. J. Epstein. NYU Inst. Math. Sci., 
Div. Electromagn. Res., Res. Rep. BR-20(AFOSR 
TN 56-489) [AD 110 302], Oct., 1956. 31 pp. 10 refs. 
Analysis of diffraction of a plane wave by acircular 
aperture in a plane screen-using Bouwkamp's 
system, which is equivalent to a Fredholm integral 
equation of the second kind. If X=ka, where k is 
the wave number of the incident wave and a denotes 
the radius of the circular aperture, then the coeffi- 
cients of Bouwkamp's system depend on «a. Their 
asymptotic behavior for @~—>0o is investigated, and 
explicit expressions for the first few terms are ob- 
tained. The integral equation equivalent to Bouw- 
kamp's system degenerates into an integral equation 
of the first kind as &—400. The solution of the de- 
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generate integral equation can be given explicitly, 
and a perturbation method yields some formulas for 
the solution of the original integral equation if is 
large. 


K VOPROSU O PRIBLIZHENNOM RESHENII 
DIFFERENTSIAL'NYKH URAVNENII V CHAST- 
NYKH PROIZVODNYKH PRI POMOSHCHI ELEK- 
TRICHESKIKH MODELEI. E. S. Kozlov and N. S. 
Nikolaev. Avtomatika & Telemekhanika, Oct., 
1956, pp. 890-896. In Russian. Study of the prob- 
lem of approximate solutions of differential equa- 
tions in terms of partial derivatives by means of 
analog computers. Includes description of the com- 
puter and its units. 


MISSILES 


LES ENGINS SPECIAUX SOVIETIQUES. D. Lau- 
rent. Docaeéro, July, 1956, pp. 3-12. In French. 
Presentation of data on recent development in 
U.S.S.R., covering air-to-air, air-to-surface, 
surface-to-surface, surface-to-air, and water-to- 
surface missiles, with details of experimental in- 
stallation and test centers. 


THE MOTIONS OF ROLLING SYMMETRICAL 
MISSILES REFERRED TO A BODY-AXIS SYSTEM. 
R. L. Nelson. US, NACA TN 3737, Nov., 1956. 

51 pp. Development of a technique for reducing roll- 
ing-missile oscillation data and application of the 
method to results obtained from a flight test of a 
missile configuration. The technique is based on 
linearized equations of motion derived for a rolling 
missile having slight aerodynamic assymetries. 
Analysis includes time histories of rolling-missile 
motions referred to a body-axis system to showthe 
types of missiles that can be encountered. Results 
indicate that the motions stemming from a trim 
change and a pulse-rocket disturbance are mainly 
determined by the ratio of rolling velocity to pitch- 
ing frequency, and that the aerodynamic derivatives 
can be obtained from flight data if four accelerations 
are measured. 


PHYSICS 


AN AUTO-SYNCHRONISATION SYSTEM FOR 
THE PLASMOGRAPH. Max Hoyaux and Paul Gans. 
Ateliers Construc. Elec. Charleroi Rep. EOARDC 
TN 55-8 (AFOSR TN 56-232) [AD 88351], 1956. 17 
pp. Development of an autosynchronization system 
for the plasmograph which enables the instrument to 
be triggered by a pulse derived from oscillations in 
the discharge itself rather than from the a.c. power 
line. The system consists of a chain of amplifying 
and differentiating circuits which produces a series 
of pulses corresponding to the beginning of a cycle 
of "hash", Theseare fedto amonostable multivibra- 
tor, the time constant of which can be varied. 
Hence, probe characteristics can be obtained cor- 
responding to a given delay from the reference time 
in the cycle. 


INVESTIGATION OF THE CONDITIONS IN THE 
PLASMA IN MERCURY-VAPOR ARC DISCHARGES 
AND OSCILLATING ELECTRON ION SOURCES. 


(10) 


Max Hoyaux and Paul Gans. Ateliers Construc. 
Elec. Charleroi Rep. EOARDC TR 54 (AFOSR TR 


56-23) [AD 88353], 1956. 5l pp. 25 refs. Theo- 


retical and experimental study of the behavior of 
mercury-vapor arc discharges (a) at high current 
intensities and (b) at very low pressures, and (c) 

of their dynamic behavior in fluorescent-type tubes. 
Analytical results for case (a) indicate that the so- 
called Gvosdover effect of electron scattering by the 
Coulomb microfield of the positive ions, acting in 
conjunction with the self-magnetic field, accounts 
more satisfactorily than other proposed hypotheses 
for experimentally observed deviations from a set 
of laws due to Hoyaux; for case (b), the admix- 
ture of argon used in fluorescent-type tubes to fa- 
cilitate striking, similarly accounts for deviations 
(observed in such a tube) from a Hoyaux-Gans law. 
Tests for case (c) are conducted using an especially 
designed plasmograph, while an especially construct- 
ed autosynchronization plasmograph system is used 
to investigate the hash occurring in hot-cathode tubes. 


EQUATIONS OF SIMILITUDE FOR A DISCHARGE 
IN AN ARGON-MERCURY MIXTURE. Max Hoyaux 
and Paul Gans. Ateliers Construc. Elec. Charleroi 
Rep. EOARDC TN 55-10 (AFOSR TN 56-233) [AD 
88352], 1956. 3lpp. Theoretical study of condi- 
tions in which the equations of similitude, previously 
found for the case of mercury-vapor arcs at moder- 
ate current intensities,are found to remain qualita- 
tively valid for the case of an arc striking in an ar- 
gon-mercury mixture such as exists in fluorescent 
tubes. However, there is a migration of the corre- 
sponding curves as a function of the argon content 
in mercury. An experimental investigation shows 
that fluorescent tubes do not quantitatively obey the 
equations of similitude of mercury vapor rectifiers, 
but the results are in agreement with the idea of mi- 
gration of the curves owing to argon content. 


EXPERIMENTAL STUDY OF THE "HASH" IN A 
FLUORESCENT TUBE. I. Appendix - EXPERI- 
MENTAL DETERMINATION OF ELECTRON TEM- 
PERATURE. Max Hoyaux and Paul Gans. Ateliers 
Construc. Elec. Charleroi Rep. EOARDC TN 55-7 
(AFOSR TN 56-231) [AD 88 040], 1956. 23 pp. De- 
scription of tests using the high-resolution plas- 
mograph. Qualitative results show the physical 
phenomena associated with the hash to be locatedin 
the vicinity of the anode and the existence of amore 
or less periodic variation of the anode fall in poten- 
tial. This variation comprises a relatively slow 
rise followed by a very sharp fall. 


A STUDY OF THE HASH IN FLUORESCENT 
TUBES BY MEANS OF AN AUTO-SYNCHRONIZED 
PLASMOGRAPH. Max Hoyaux and Paul Gans. 
Ateliers Construc. Elec. Charleroi Rep. EOARDC 
TN 55-9 (AFOSR TN 56-347) [AD 95433], 1956. 73 pp. 
Results of experiments to determine the probe char- 
acteristics in the vicinity of the anode in a direct- 
current discharge in a cylindrical tube of a type 
similar to those used in fluorescent lighting. These 
results are compared with data from confirmatory 
experiments with alternating discharges. It is 
shown that each peak in the anode potential is follow- 
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ed by a peak in the electron temperature, which is 
itself followed by a broader peak in the electroncon- 
centration beyond which the electron density falls 
off exponentially towards a limiting value. Further 
evidence, regarding the behavior of the anode fallin 
potential in relation to the value of electron density 
during the course of the cycle, indicates that the 
form of the observed variations in electron density 
and electron temperature are in agreement with 
Hoyaux and Gans' theory of small perturbations of 
a plasma about a stable state. 


POWER PLANTS 


CLOSED CYCLE AIRCRAFT PROPULSION SYS- 
TEMS. R. Tognoni and W. Spillmann. Escher 
Wyss Rep. Sp-AK-56-027, vol. I; II (AFOSR TR 
56-45, TR 56-46) [AD 97087; AD 97088], July 
21, 1956. 47; 162 pp. Investigation of a closed- 
cycle gas turbine driving one or several ducted 
fans. Three possible gas-heater arrangements are 
considered: (a) an air heater built into the combus- 
tion chamber of a jet engine, (b).a-heater built into 
the afterburner downstream to the ducted fan, and 
(c) a gas cycle nuclear reactor. The gas cooler is 
in the ducted-fan airflow in all cases. Also investi- 
gated are the driving of boundary-layer suction 
fans, and the feasibility of a closed-cycle high-alti- 
tude aircraft accessory power plant. Various heat 
exchanger types are studied theoretically, and ac- 
tual designs of light-weight air coolers and of air 
heaters are carried out. The combination of a 
closed-cycle-driven ducted fan with a gas-cooled 
nuclear reactor appears most promising. The per- 
formance of this power plant is calculated up to 
Mach Number 2.0 at 40, 000 ft., and the size of the 
components and the weight estimated. A potential 
superiority to other nuclear aircraft power plants 
in simplicity, safety, and possibly specific weight 
becomes apparent. 


WAKE STREAM ACCELERATION. A. Burgdor- 
fer. Escher Wyss TN’l, vol. Ill, Rep. Spn-AK- 
56-029 (AFOSR TR 56-47) [AD 97089], July 21,1956. 
56 pp. Theoretical investigation of the gain of a wake- 
stream acceleration propulsion plant over a normal 
unit for nondissipative machines and for flight 
bodies which have a symmetrical rotation structure. 
Two different wake-stream velocity profiles - a 
rectangular and a sinuate one - are assumed. The 
comparison is extended also to a special form of 
boundary-layer suction for incompressible and com- 
pressible media. Results for nondissipative ma- 
chines indicate that a gain of about 10% is possible 
for propulsion plants which make use of the kinetic 


energy of the wake-stream over normal propulsion 
plants. 


APPLICATION OF THE CLOSED CYCLE PRIN- 
CIPLE TO AIRCRAFT AUXILIARY POWER 
PLANTS - COOLING PROBLEMS. W. Spillmann. 
Escher Wyss TN 4, vol. V, Rep. Sp-AK-56-025 
(AFOSR TR 56-49)[AD 97351], July 21, 1956. 23 pp. 
Analysis of the cooling problems encountered in a 
closed-cycle gas turbine. The closed cycle must 
have a circuit cooler for cooling down the turbine 
exhaust to the compressor inlet. In a recuperator 


cycle a precooler at the compressor inlet is neces- 
sary. The skin temperatures are calculated from 
the ram temperature using a recovery factor with- 
out evaluation of the actual radiation equilibrium 
temperature of the flying body. Methods examined 
are direct air cooling, direct fuel cooling, vapor- 
izing cooling, and cooling by radiation. It is con- 
cluded that direct fuel cooling is the best method 
for all altitudes, but that for the case of a nuclear 
power plant without a liquid fuel, a combination of 
air cooling for low altitudes and vaporized cooling 
for high altitudes is more appropriate. 


Jet & Turbine 


TENDANCES GENERALES EN MATIERE DE 
TURBOREACTEURS ET TURBOPROPULSEURS; 
REALISATIONS DES DIVERS PAYS. K. von Gers- 
dorff. Docaeéro, Sept., 1956, pp. 3-18. In French. 
Graphical data on types, output, consumption, and . 
weight of turbojets and turboprops. Includes units: 
studied and produced in Gt. Britain, U.S.A., 
France, Canada, and U.S.S.R. 


Rocket 


DYNAMIC STABILITY OF ROCKET POWER- 
PLANTS USING LIQUID PROPELLANTS. R. H. 
Reichel. Aero. Dig., Nov., 1956, pp. 20, 22, 24 
26--32 ff. Analysis of overall power plant dynamic 
behavior to present various criteria for the design 
of stable systems, and presentation of experimental 
stability investigations suitable for development and 
production work. Results show that the stability of 
a rocket power plants depends upon various param- 
eters of the combustion chamber/propellant feed 
line system, and of all components of the systemas 
well as the vehicle structure. Analytical methods 
alone are not suitable for prediction of system sta- 
bility. An experimental investigation method is 
needed in which the dynamic behavior of the entire 
system can be determined, and the synthesis of a 
control loop for special optimum requirements is 
possible. 


AN EXTENSION OF THE THEORY OF THE OP- 
TIMUM BURNING PROGRAM FOR THE LEVEL 
FLIGHT OF A ROCKET-POWERED AIRCRAFT. 
Appendix A - VARIATION OF THE LAGRANGE 
MULTIPLIERS A, AND 4“, ALONG THE CON- 
STANT THRUST SUB-ARCS OF THE EULERIAN 
SOLUTION. Appendix B - ANALYSIS OF DISCON- 
TINUOUS SOLUTIONS IN THE LIGHT OF THE 
CORNER CONDITIONS. Angelo Miele. Purdue U., 
Sch. Aero. Eng. Rep. A 56-1 (AFOSR TN 56-302) 
[AD 90 015], June, 1956. 61 pp. Investigation of a 
burning program which minimizes an arbitrary 
function of the final values of time, mass, distance, 
and velocity. It is shown that the totality of extrem- 
als is composed of zero thrust sub-arcs, sub-arcs 
to be flown with maximum engine output, and varia- 
ble thrust sub-arcs. The thrust programming max- 
imizing the range for a prescribed time of flight is 
discussed, and a method for constructing extremal 
paths is supplied. By a suitable choice of the burn- 
ing technique, the overall time can be considerably 
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decreased with respect to the time associated with 
the solution of maximum absolute range. 


PRODUCTION 


Metalworking 


SELECTION OF TESTING LOCATIONS IN ALU- 
MINUM DIE FORGINGS. I. E. Suchoversky. Aero. 
Eng. Rev., Jan., 1957, pp. 29-34. Considera- 
tion is given to two types of test sample: property- 
level test samples from forgings, which provide 
representative experimental data indicative of the 
level of mechanical properties for a given alloy, 
metal condition, and fabricating procedure of the 
forging; and location test samples which are taken 
under the control of the forging customer or design- 
er to aid in establishing mechanical properties at 
any location or in any direction necessary for the 
evaluation of the serviceability of the particular 
forging. 


ROTATING WING AIRCRAFT 


FLIGHT MEASUREMENTS OF THE VIBRATIONS 
ENCOUNTERED BY A TANDEM HELICOPTER AND 
A METHOD FOR MEASURING THE COUPLED RE- 
SPONSE IN FLIGHT. J. E. Yeates, Jr. US, NACA 
TN 3852, Dec., 1956. 28 pp. Method for determin- 
ing the coupled structural response of a helicopter 
in flight. This method, which includes the use ofa 
mechanical shaker for flight excitation, provides a 
great saving in flight and analysis time by the tech- 
nique of sweeping rather than a series of steady con- 
ditions. Results are presented which show the cou- 
pled response of a helicopter in flight for different 
blade configurations. In addition, natural-vibration 
measurements of some of the more important har- 
monics of rotor speed are presented for a range of 
speed and power conditions. 


THE AEROELASTIC STABILITY OF HELICOP- 
TER ROTORS IN HOVERING FLIGHT. John Zvara. 
MIT ASRL TR 61-1, Sept., 1956. 123 pp. 26 refs. 
Theoretical and experimental investigation to deter- 
mine a reliable means for rotor blade flutter analy- 
sis which can be used in the design phase. The ex- 
perimental program utilized a five foot diameter 
model rotor with two rectangular blade planforms, 
in which simple adjustments make it possible to 
test a fixed-at-root, articulated, or teetering rotor. 
Results are presented for different hub configura- 
tions with a set of flexible blades and a set of rigid 
blades. 


AN ACCOUNT OF SOME LONGITUDINAL STA- 
BILITY TESTS ON A DRAGONFLY HELICOPTER. 
J. D. L. Gregory and R. W. Coombes. Gt. Brit., 
AAEE Rep. Res/293, Sept. 20, 1956. 12 pp. Eval- 
uation of the suitability of various test procedures, 
including that involving the recording of stick posi- 
tion in trimmed level flight, static-margin meas- 
urement, maneuver-margin measurement, and 
pull-up tests. Résults indicate that the measure- 
ment in flight of stick movement per knot and stick 
movement per "g" for the evaluation of the static 
and maneuver margins can be-made if (1) sensitive, 
continuous records of airspeed, acceleration, and 
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longitudinal stick position are available, (2) the pi- 
lot is practiced in the technique, and (3) the atmos- | 
pheric conditions are very smooth. 


STRUCTURES 


STRESS DISTRIBUTION IN THE PRESENCE OF 
CREEP. N. J. Hoff. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 362 
(AFOSR TN 56-456) [AD 97072], Sept., 1956. 18 pp. 
18 refs. Investigation of nonlinear creep in which 
the creep laws obtained from creep tensile tests are 
discussed. The generalizations applicable when the 
state of stress is biaxial or triaxial and when the 
stress varies, are presented. The existence of 
elastic and plastic analogues for steady and for tran- 
sient creep is shown and the use of these analogues 
in stress analysis is explained. The theory of buck- 
ling for columns whose material is subject tocreep 
is presented. 


Bars & Rods 


A PROBLEM OF NON-UNIFORM TORSION OF 
PRISMATIC BARS, SOLVED IN TERMS OF 
STRESSES. J. Nowinski. Bul. Acad. Polonaise 
Sci. (Warsaw), No. 3, 1956, pp. 139+144. Analysis 
to obtain general formulas for known solutions of 
prismatic bars in terms of stresses. Applications 
are made to the cases of rectangular and elliptic 
cross-sections. 


Connections 


THE FATIGUE STRENGTH AT FLUCTUATING 
TENSION OF SINGLE LAP JOINTS OF CLAD 24 S- 
T AND 75 S-T ALUMINUM ALLOY WITH 2 ROWS 
OF 17S RIVETS. Appendix - A SIMPLE ESTIMATE 
OF THE INFLUENCE OF FRICTION FORCES ON 
THE SHAPE OF THE S-N CURVES OF RIVETED 
LAP JOINTS. A. Hartman and W. Klaassen. Neth- 
erlands, NLL TN M.2011, July, 1956. 3l pp. Re- 
sults of experimental investigations at fluctuating 
tension and a mean stress in the net section of 9 
kg/mm#¢ on specimens having a sheet thickness of 
0.8 or 3.0 mm, snap or NACA rivets, and a ratio 
rivet pitch to rivet diameter of 4.2 and 3.1. 


INTERACTION OF BEARING AND TENSILE 
LOADS ON CREEP PROPERTIES OF JOINTS. E. 
G. Bodine, R. L. Carlson, and G. K. Manning. 
US, NACA TN 3758, Oct., 1956. 23 pp. Prelimi- 
nary investigation using an apparatus constructed 
to apply both bearing and tensile loads to a joint 
model. Measurements of deformation are obtained 
from a photogrid printed on the joint model. Analy- 
sis of the deformation patterns indicates that the 
form of strain-history curves at some points inthe 
simulated joint is similar to that of strain-history 
curves for uniaxial tensile creep tests. Therealso 
appears to exist a steady-state period during which 
certain creep strain rates remain constant. For 
the tested specimens, hole elongation due to com- 
bined bearing and tensile loading is composed of an 
elongation due to the total tension plus an elonga- 
tion due to bearing. When the bearing load is not 
excessive, the elongation due to bearing appears 
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to be transient, and additional hole elongation con- Plates 
tinues at a rate that is approximately equal to that 


for a tensile load of the same total magnitude. LARGE DEFLECTION OF CURVED PLATES. 


H. G. Lew, J. A. Fox, and T. T. Loo. US, NACA 

Cylinders & Shells TN 3684, Oct., 1956. 38 pp. Analysis of several 
problems on the large deflections of curved plates 

SOME STABILITY PROBLEMS OF CYLINDRI- with compound curvature. The work is dividedinto 
CAL SHELLS. W. Nowacki. Bul. Acad. Polonaise two parts. In the first part,the large deflection of 
Sci. (Warsaw), No. 3, 1956, pp. 129-138. Applica- @ plate with small initial curvature is investigated 


tion of Vlasov's engineer's theory of shells to the for two loading conditions - axial compression and 
solution of buckling problems for four different shear. In the second part, the large deflection of 
cases. In the case of a ccylindrical shell with con- #24 curved plate element with small initial curvature 
stant curvature and simply supported along four from a circular cylindrical shape is considered. 
edges, the problem is reduced to the solution of a Results show that the effect of the initial curvature 


Fredholm integral equation of the second type with for a plate under axial compression is to increase 
an asymmetric kernel. A solution is also obtained its deflection considerably upon the application of the 
by applying Green's function in order to derive an load. With increasing loads, the deflection curves 
infinite set of equations, the determinants of which, ™erge into one regardless of the initial deflection form. 
when set equal to zero, will give the buckling condi- It is also shown that the average shear strain for a 
tion. The same method is used for a cylinderwith Plate under shear loading is not much affected by 
both simply supported and clamped edges, and for the initial curvature, at least for the initial deflec- 
a cylindrical shell with ribs. tion function used. In the circular cylinder shape 
under axial compression, the deflections are more 
affected by changes in radius than by changes in 
initial curvature. 


Elasticity & Plasticity 


ELASTICITY AND PLASTICITY. F. A. V. 


Meinesz. Appl. Sci. Res., Sect. A, No. 2-3, SPANNUNGSFELD EINER AUF DEN RAND 
1956, pp. 205-225. Analysis considering the EINER HALBEBENE WIRKENDEN EINZELLAST 
states of stress and strain in two separate parts - | BEI ELASTISCHER ANISOTROPIE. H. H. Stadel- 
compression by hydrostatic pressure and change maier. ZAMP, Sept. 25, 1956, pp. 393-402. In 


of shape by the deviatoric part of the stress.- each German. Closed-form solution of the two-dimen- 

having its own behavior and modulus. A graphical sional stress problem in an anisotropic medium for 
representation developed for the state of stress the boundary conditions of a concentrated load at a 

provides a simple method for comparing the differ- point on the straight boundary of a semi-infinite 

ent states of stress corresponding to the yieldlimit. plate. The properties of a periodic repetition of 


The scope of the work includes derivation of rela- such concentrated loads are discussed and compared 
tions for the case of uniaxial stress and strain;and with an existing observation of a nonuniform stress 
consideration of the case of a plate which is thin distribution in «-iron. 


with regard to its plane dimensions. The forces 


work parallel to this plane and are constant over the THE TENSION WITH CONCENTRATED FORCES 


entire thickness of the plate. Analysis of the general oF an INFINITE PLATE WITH A RIGID CIRCU- 
case of the stress-strain relations and the equilibri- ; ar INCLUSION. F. Szelagowski. Bul. Acad. 
um conditions for elastic behavior, and derivation Polonaise Sci. (Warsaw), No. 3, 1956, pp. 145-152. 
of the stresses and the equations of motionfor New- One concentrated force is expressed by three 
tonian viscous fluids are also included. functions, which in turn are used to express the 
displacement of the points of the circle of radius 
ON ISOTROPIC TENSOR-FUNCTIONS AND THE R. Whenthe stresses are obtained for two concen- 


MEASURE OF DEFORMATION. Meir Hanin and trated forces of opposite sign, they are added to- 
Markus Reiner. ZAMP, Sept. 25, 1956, pp.377-392 gether by the laws of superposition, giving the 
13 refs. ARDC-sponsored theoretical investiga- resulting stresses for a plate subjected to tension. 


tion to show that the most general relation of sym- 
metrical tensors of second rank is of second order 
in tensors and not higher, and to express the power 
series of these symmetrical tensors through the co- 
efficients, and the general functions of the invariants 
in terms of these invariants. 


Thermal Stress 


THERMOELASTICITY AND THERMAL SHOCK. 
Martin Lessen. J. Mech. & Phys. Solids, Nov., 
1956, pp. 57-©1 Derivation from thermodynamic 


principles of the relevant equations for a thermo- 
ON THE PROBLEM OF UNIQUENESS IN THE elastic solid; formulation and solution of thé prob- 


THEORY OF A RIGID-PLASTIC SOLID. II. R. Hill. lem of "initial" thermal shock; and solution of the 
J. Mech. & Phys. Solids, Nov., 1956, pp. 1-8. Re- more general case of thermal shock. The solution 
view and development of the theory of plastic torsion of the "initial" shock problem is found to be similar 
of prismatic bars with work-hardening. Uniqueness to that of the Fourier equation with a modified dif- 
and extremum principles, previously proved for a fusivity, while that of the more general case is ex- 
general state of stress, are illustrated in connection pressed as a perturbation expansion about the usual 
with the torsion of a bar of hollow section. solution. 
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THERMO-ELASTIC FORMULAE FOR THE heating. It shows that the low heating efficiency, ob-- 
ANALYSIS OF BEAMS. W. S. Hemp. Aircraft tainable when the test specimen is made of an alumi- 
Eng. , Nov., 1956, pp. 374-376. Equations for us- num alloy, can be increased substantially through 
ing data on the temperature distribution in a struc- spraying the surface of the specimen with iron. 
ture to obtain distributions of structural stress 
caused by the kinetic heating associated with super- ANALYSIS OF ELASTIC THERMAL STRESSES 
sonic flight, and for assessing their influence on IN THIN PLATE WITH SPANWISE AND CHORDWISE 
strength and stiffness. The formulas represent a VARIATIONS OF TEMPERATURE AND THICKNESS. 
generalization of the so-called engineering theory Alexander Mendelson and Marvin Hirschberg. US, 
of bending and of the Wagner-Kappus torsiontheory NACA TN 3778, Nov., 1956. 41 pp. Approximate 
to include the effects of nonuniform temperature dis- method for computing thermal stresses in thin 
tribution. Over-all longitudinal extension, curva- plates of variable thickness with the effect of the 
ture in two principal planes, twist, and cross-sec- free-end automatically included. The method 
tional warping of the kind occurring in Saint Venant's uses polynomial approximations for the stress func- 
torsion theory are taken into account kinematically. tion in order to reduce the partial differential equa- 
Applications to stress-analysis problems are indi- tion to a set of ordinary equations. This results in 
cated. satisfying the differential equation everywhere span- 


wise and at a finite number of stations chordwise. 
CONDUCTION OF HEAT WITHIN A STRUCTURE The boundary conditions are everywhere satisfied. 


SUBJECTED TO KINETIC HEATING; A STUDY OF 
THE PROBLEM OF SKIN TEMPERATURE AT HY- BENDING OF RIGID FRAMES IN THE PRES- 


PERSONIC SPEEDS. T. Nonweiler. Aircraft Eng., pnce oF STEADY CREEP. B. Venkatraman and 
Nov., 1956, pp. 383-387. ll refs. Discussionad- p Gg, Hodge, Jr. Polytech. Inst. Bklyn., Dept. 
vocating consideration of the temperature-limiting Aero. Eng. & Appl. Mech., PIBAL Rep. 346 
influence of heat conduction along the skin of a (AFOSR TN 56-455) [AD 97071], May, 1956. 22 pp. 
structure in studies concerned with overcoming hy- ]3 yefs. Analysis of creep in beams and frames 
personic thermal effects. The consequences of ig- obeying a steady-state power-creep law. The prob- 
noring skin conductivity are taken into account as lem is first reduced to one of nonlinear elasticity 
well as the problem of heat transfer at the nose and by means of the elastic analogue. The elastic prob- 
the actual values in the limiting case of Mach Num- jem is shown to depend upon the solution of one or 
bers beyond 10. Results indicate that conductivity more nonlinear algebraic equations. Various meth- 
can provide the desired effect at the nose, givena ds of finding approximate solutions are presented. 
structure thick enough to permit a sufficient flux of +pese stem from the behavior of a rigid, perfectly 
heat along it. plastic material and are based upon potential ener- 
INDUCTION HEATING AND THEORY IN THE gy analysis. Examples are presented using the ex- 
SOLUTION OF TRANSIENT PROBLEMS OF AIR- act and approximate analyses to show the qualitative 
CRAFT STRUCTURES. I - THERMAL BUCKLING _~ effect ofcreep in bending under thermal conditions. 
TENSILE PROPERTIES OF AIRCRAFT STRUC- 
CONSTANT HEAT INPUT. F. V. Pohle andIrwin ‘URAL METALS AT VARIOUS RATES OF LOADING 
Berman. II] - THERMAL STRESS DISTRIBUTION AFTER RAPID HEATING. C. L. Dotson and J. R. 
IN A DIAMOND-SHAPED WING WITH CONSTANT (ors PB 
HEAT INPUT. I. Mirsky. IV - INVESTIGATION 21137, $4.50.), Aug., 1955. 159 pp. 38 refs. Ex- 
OF THE STABILITY OF STRUCTURAL ELEMENTS perimental investigation to determine the effects of 
WITH THE AID OF INDUCTION HEATING. S. Le- **T@in rates from 0.00005 in. /in. /sec. to 1.0 in. / 
derman and N. J. Hoff. V - IMPROVEMENTS IN in. /sec. and holding times at test temperature from 
INDUCTION HEATING EFFICIENCY BY SPRAYING 10 sec. to 30 min. on the tensiie properties of sev- 
THE SPECIMENS. S. Lederman, V. Wagle, and en sheet metals nivex heating within 10 sec. to tem- 
Burton Erickson. USAF WADC TR 56-145 [AD peratures uptol,200°F. With ie exception of the 
97210] , Aug., 1956. 201 pp. 43 refs. 1 - Analysis results for Alclad 2024-T3 alloy at 450°F. (at which 
giving the temperature and thermal stress distribu- point a strongly mitigating structural change occurs) 


tion in multicellular wing stresses. A buckling the strength properties of each alloy are shown to 
criterion is established for the panels of coverplates ‘“°T45© with increasing strein sates. 
subjected to thermal stresses. II - Theoretical in- INCREMENTAL COLLAPSE DUE TO THERMAL 


vestigation of the temperature discontinuity at the STRESS. E. W. Parkes. (Symposium on Structural 
interface between the flange and the coverplate to Problems of High Speed Flight, Coll. of Aeronautics, 
obtain more realistic temperature distributions for Cranfield, Paper.) Aircraft Eng., Nov., 1956, pp. 
nonintegral structures. III - Analytical solution 395, 396. Derivation of expressions for the incre- 
based on the approximation of half the diamond- mental deformations of an aircraft wing accompany- 
shaped cross-section by a circular sector. IV - Ex- ing each cycle of kinetic heating. Analysis takes 
perimental investigation which shows that diamond- into account the variation of material properties 
shaped, solid-section wings buckle along the leading with ‘emperature and the short duration of flights at 
edge; that thin-walled, single-web wing profiles de- high speeds. An example on the steel wing of a 
form under nonuniform heating; and that cylindrical fighter aircraft is presented to show that, although 
specimens are unusually stable. V - Evaluation of the wing has adequate factors of safety under the 

a method for improving the efficiency of induction flight loads both at normal and elevated tempera- 
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tures, a tip deflection of 10% of the span will be ac- 
quired after five flights. 


Wings 


COMPARISON OF THEORETICAL STRESSES 
AND DEFLECTIONS OF MULTICELL WINGS WITH 
EXPERIMENTAL RESULTS OBTAINED FROM 
PLASTIC MODELS. G. W. Zender. US, NACA 
TN 3813, Nov., 1956. 32 pp. ll refs. Results pre- 
sented for tests on six plastic multicelled wing mod- 
els of unswept, delta, and swept plan form, and 
compared with previously published theoretical re- 
sults obtained by the electrical analog method. The 
comparison indicates that the theory is reliable for 
evaluating deflections. In addition the model tests 
indicate that the theory is reliable for stresses ex- 
cept near the leading edge of delta wings, and the 
leading and trailing edges of swept wings where the 
simplifications employed in idealizing the actual 
structure and local effects of the concentrated load- 
ing introduce appreciable errors. 


THERMODYNAMICS 


A GENERALIZED EQUATION OF STATE FOR 
BOTH GASES AND LIQUIDS. I, Il. J. O. Hirsch- 
felder, R. J. Buehler, H. A. McGee, Jr., and J. 
R. Sutton. U. Wis. NRL Dept. Chem. TR WIS- 
OOR-15, WIS-OOR-16, Oct. 5, Nov. 7, 1956. 67, 
19 pp. 46 refs. Derivation based on a generalized 
principle of corresponding states which includes 
two additional experimental parameters: the criti- 
cal compressibility factor z., and a parameter 
determined from the vapor pressure. The equation 
for liquids also includes experimental densities at 
saturation. Advantages cited include (1) accurate 
prediction of the behavior of a wide variety of pure 
substances over the entire range of gases and liquids 
for which experimental data are available, (2) con- 
sistent definition of all thermodynamic excess func- 
tions, (3) particular suitability for high-speed digit- 
al computers, (4) requirement of only nominal data, 
(5) adaptability for use with more or less than the 
required nominal data, and (6) definition of the co- 
existence region. 


Combustion 


STABILITY LIMITS AND BURNING VELOCITIES 
OF LAMINAR HYDROGEN-AIR FLAMES AT RE- 
DUCED PRESSURE. Burton Fine. US, NACA TN 
3833, Nov., 1956. 29 pp. 12 refs. Measurement 
of laminar burning velocity at pressures of 1 atmos- 
phere and below and of critical boundary-velocity 
gradient for flashback at pressures below 1 atmos- 
phere over a range of compositions for hydrogen- 
air burner flames. In both cases results indicate 
the pressure dependence to be independent of com- 
position between equivalence ratios of about 1 and2. 
A global reaction order of 2.2 to 2.3 is calculated 
from a more general correlation conforming to the 
Lewis-von Elbe simple quenching model and from 
recent thermal equations for flame propagation, and 
the shape of a complete laminar stability loop (ob- 
tained for one particular burner diameter and equiv- 
alence ratio) is discussed in terms of quenching re- 


gions, normal laminar regions, and possible re- 
gions of laminar-turbulent transition. 


HYDRAZINE DECOMPOSITION FLAME. Gre- 
gorio Millan and Segismundo Sanz. Spain, Min. 
del Aire, Inst. Nac. Tec. Aero. Esteban Terradas 
(AFOSR TN 56-466) [AD 97084], June, 1956. 48 pp. 
Theoretical and experimental investigation to de- 
termine whether the steady-state assumption used 
for obtaining the concentration of radicals is justi- 
fied in calculating the propagation velocity of the 
laminar decomposition flame of a gas correspond- 
ing to the Adams-Stocks kinetic schema of chain 
reaction (a simplification of the kinetic schema of 
the decomposition of hydrazine vapors). Results in- 
dicate that such an assumption is justified and that 
the analytical method developed should be applicable 
to the case where several independent chemical re- 
actions exist. 


COMBUSTION IN THE MIXING ZONE BETWEEN 
TWO PARALLEL STREAMS. F. H. Wright and J. 
L. Becker. Jet Propulsion, Nov., 1956, pp. 973- 
978. Experimental investigation using a special 
arrangement to simulate salient features of the 
bluff body mixing zone and to permit controlled 
study of the variables involved. Results of obser- 
vations of the mixing zone between two parallel gas 
streams - one hot and one of combustible mixture - 
are applied to an explanation of bluff body flame sta- 
bilization and blowoff and indicate that the propaga- 
tion flame is established only when the residence 
time of combustible material in the mixing zone is 
long enough to lead to ignition of a mass adequate to 
serve as a secondary ignition source. 


EFFECT OF CONCENTRATION ON IGNITION 
DELAYS FOR VARIOUS FUEL-OXYGEN-NITRO- 
GEN MIXTURES AT ELEVATED TEMPERATURES. 
E. Anagnostou, R. S. Brokaw, and J. N. Butler. 
US, NACA TN 3887, Dec., 1956. 34 pp. Investiga- 
tion of ignition delay for mixtures of ethane, n- 
butane, isobutane, hydrogen, or propane with oxy- 
gen and nitrogen, using a flow system with two ex- 
perimental procedures. The effect of fuel concen- 
tration is measured for all fuels, and delays are 
inversely proportional to fuel concentration from 
the 0.6 to 1.7 power. 


Heat Transfer 


PRESSURE DROP AND HEAT TRANSFER FOR 
COOLERS AND HEAT EXCHANGERS. A. Burgdor- 
fer. Escher Wyss TN 3, TN 2; vol. IV, Rep. Sp- 
AK-56-030 (AFOSR TR 56-48) [AD 97090], July 21, 
1956. 2l pp. Derivation of a relation for pressure- 
loss problems of heat exchangers and coolers by re- 
arrangement of pressure-drop and heat-transfer 
formulas and by elimination of the friction factor 
and heat-transfer coefficient of the surfaces. For 
gases, the pressure loss of heat exchangers is 
given as a function of the flow-stream Mach Num- 
ber, the gas properties, and the temperatures and 
the characteristic values of the heat-exchanger sur- 
faces. The pressure-loss coefficients of one to four 
rows of round tubes have also been measured to ob- 
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tain the influence of an inclination of the tube-row 
plane to the flow-stream direction. 


MEASUREMENTS OF HEAT TRANSFER FROM 
FINE WIRES IN SUPERSONIC FLOWS. John Laufer 
and Robert McClellan. J. Fluid Mech., Sept., 
1956, pp. 276-289. 10 refs. Investigation of the 
heat loss of fine heated wires immersed in a super- 
sonic stream at right angles to the flow direction. 
The measurements show that the heat loss is inde- 
pendent of the free-stream Mach Number for values 
of the latter between 1.3 and 4.5. The Reynolds 
Number (Re) is based on conditions behind a normal 
shock, and thus becomes the characteristic parame- 
ter for the heat transfer. For Re>20 the Nusselt 
Number is a linear function of the square root ofthe 
Reynolds Number, and the equilibrium temperature 
is nearly independent of Re. For Re<20 the Nus- 
selt Number decreases more slowly, and the equi- 
librium temperature rises sharply with decreasing 
Reynolds Number. 


GESCHICHTETER KREISZYLINDER IM FELDE 
PERIODISCHER TEMPERATURSCHWANKUNGEN. 
Vaclav Voditka. ZAMP, Sept. 25, 1956, pp. 422- 
427. In German. General analysis of the propaga- 
tion of heat waves in an infinite, hollow, multilayer 
cylinder subjected to periodic variations of temper- 
ature. Special attention is given to the crux of the 
problem - the difficulty in multiplying certain two- 
by-two matrices. 


INVESTIGATION OF TRANSIENT POOL BOIL- 
ING DUE TO SUDDEN LARGE POWER SURGE. Ap- 
pendix A, B - TEMPERATURE DISTRIBUTION 
ALONG LENGTH OF RIBBON. Appendix C - SIM- 


PLIFIED DERIVATION OF RIBBON TEMPERATURE. 


Appendix D - TEMPERATURE DISTRIBUTION 
THROUGH RIBBON INTO AN INFINITE MEDIUM. 
Appendix E - AVERAGE RIBBON TEMPERATURE. 
Robert Cole. US, NACA TN 3885, Dec., 1956. 44 
pp. Study of heat transfer from a metallic ribbon 
to water under transient conditions for initial water 
temperatures from 76° to 203°F. and average heat- 
generation rates per square foot of surface area of 
3, 10, and 20 x 10° Btu per hour per square foot. 
The tests were conducted at atmospheric pressure 
under pool boiling conditions. Analyses show that 
convective heat transfer in the nonboiling region 
was negligible within the time limits used. Includes 
comparison between determined ribbon tempera - 
tures and those occurring had the ribbon been com- 
pletely insulated. Transient heat-transfer coeffi- 
cients and critical-heat-flux values are tabulated. 


PRODUCTION OF HIGH-TEMPERATURE, MOD- 
ERATE-PRESSURE GASES BY MEANS OF ELEC- 
TRICAL SPARK DISCHARGE. Appendix A - THER- 
MODYNAMICS OF REAL GASES, AIR AND HELI- 
UM. Appendix B - CIRCUIT THEORY. D. E. 
Bloxsom. USAF AEDC TN 56-17 [AD 98980], Nov., 
1956. 39 pp. Investigation to determine the nature 
of high-pressure heating by spark discharge. Ex- 
periments were conducted by discharging high-ener- 
gy-level sparks in air, argon, and helium under 
constant volume conditions. An efficiency of 50% 
was computed from real gas conditions and pre- 
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sented as a function of initial density. These tests 
indicate that the efficiency of heating is relatively 
high, and thus a method is available whereby high 
pressure air may be heated up to 5,900°K. 


CONDENSATION EFFECTS AND AIR DRYING 
SYSTEMS FOR SUPERSONIC WIND TUNNELS. J. 
J. Smolderen. NATO AGARDograph 17, July, 1956, 
79 pp. 38 refs. Analysis of various aspects of 
the condensation problem. The phenomenon of con- 
densation effects and the resulting flow disturbances 
are studied, and an investigation is made of the 
possibility of complete removal of these effects. 
Includes presentation of a criterion based on experi- 
mental results. Conditions under which flow dis- 
turbances are sufficiently small are also indicated. 
A survey is made of various drying by cooling, com- 
pression, and adsorption. A survey is also pre- 
sented of different measuring devices for the deter- 
mination of humidity. 


WIND TUNNELS & RESEARCH FACILITIES 


SUR UNE METHODE DE VISUALISATION DES 
ECOULEMENTS SUPERSONIQUES. G. Dubois. 
La Recherche Aéronautique, Sept. -Oct.,. 1956, pp. 
33-42. In French. Development of a method (two- 
dimensional case) for determining the local Mach 
Number and visualizing a given supersonic flowand 
derivation of a "scale" method (three-dimensional 
case). Includes discussion of data obtained from 
tests in the S2 PC supersonic wind tunnel. 


THE EFFECT OF TRANSITION WIRES ON THE 
PRESSURE DISTRIBUTION OVER AN.A.C.A. 
63A215 AEROFOIL SECTION. K. D. Harris. Coll. 
of Aeronautics, Cranfield, TN 41, Feb., 1956. 35 
pp. Tests results which show that with the tran- 
sition lift free, laminar separation, followed by 
turbulent re-attachment, occurs at about 60% 
chord at low incidences. At medium incidence the 
position of laminar separation and turbulent re-at- 
tachment moves rapidly forward giving rise to non- 
linearities in the lift curve. The addition of transi- 
tion wires at 27.5% chord eliminates the laminar 
separation at low incidences, and thereby causes 
the lift curve to become more nearly linear. Tran- 
sition wires at 8%, 4%, and 1% are found to have 
adverse effects, the lift curves becoming very non- 
linear, and the Clear is reduced. The nonlineari- 
ty is caused by sudden changes in the boundary 
layer with a change of incidence. 


INTERFEROMETRE A LUMIERE POLARISEE; 
APPLICATION A LA DYNAMIQUE DES GAS. Ge- 
rard Gontier. Inst. Mec. Fluides, Lille, Prob. 
286 SR, May 12, 1956. 93 pp. 34 refs. InFrench 
Analysis of optical methods of flow visualization in- 
cluding shadowgraph and schlieren techniques. De- 
scription of a polarized-light interferometer usedin 
a sonic wind tunnel. The mirror employed has a 
250mm. diameter anda curvature radius of 2,500mm. 
Includes calculation of a light beam inside a three- 
dimensional, isotropic, heterogeneous body and 
through a blade of variable thickness and refraction 
index. 


| 


MISSILE SYSTEMS 


THERMODYNAMICS 


Dr. Lloyd H. Wilson (left), Thermodynamics Section engineer, discusses 
comparisons between theory and free flight test experimental data on boundary 
layer transition in hypersonic flow with Maurice Tucker (center), head of the 
Aero and Thermodynamics Department, and Thermodynamicist Karl G. Reseck. 


Few areas of missile systems endeavor have equalled the 
increasing importance or complexity of Thermodynamics. Moreover, 
it is an area that promises to assume even greater magnitude 

as problems now being approached require major advances in 
Thermodynamics research and development. 


At Lockheed Missile Systems Division, Thermodynamics engineers 
and scientists are performing work of a most advanced nature on: 

= Design of re-entry configurations 

# Thermodynamic integrity of components 

# Surface cooling techniques 


# Transient thermo-chemical and ionization phenomena 
in hypersonic boundary layer 


# Dynamics of rarified gases 


Significant developments in these areas have created supervisory 
positions for engineers and scientists possessing exceptional ability 
and experience in these fields. A need also exists for individual 
research and development analytical activities. Positions are open in 
both Van Nuys and Sunnyvale engineering centers. Inquiries are invited. 


MISSILE SYSTEMS DIVISION 


research and engineering staff LOCKHEED AIRCRAFT CORPORATION | 
VAN NUYS PALO ALTO + SUNNYVALE CALIFORNIA 
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Trades. The observed motions are used 
both alone and in conjunction with the 
horizontal pressure field to deduce values 
of the vertical transport of momentum, 
taking into account the pattern of cumulus- 
cloud convection 

Visibility Deterioration Associated with 
Operations of Jet Aircraft. J. Clodman. 
Bul. AMS, Sept., 1956, pp. 338-341. 
Analysis of the modification of cloud and 
precipitation parameters by aircraft op- 
eration, causing a significant deterioration 
of visibility at an airfield. Such condi- 
tions as the large number of aircraft oper- 
ating simultaneously in the vicinity of the 
airfield, low temperatures, and light winds 
are also discussed. 

Drag Coefficients for Droplets and Solid 
Spheres in Clouds Accelerating in Air- 
streams. Appendix—Application of Drag- 
Coefficient Equations to Spray Evapora- 
tion. Robert D. Ingebo. US., NACA 
TN 3762, Sept., 1956. 31 pp. Experi- 
mental investigation over a range of air- 
stream pressures, temperatures, and ve- 
locity conditions, based on diameter and 
velocity data for the individual droplets 
and spheres obtained with the aid of a 
special high-speed camera. 

Resonance Scattering by Atmospheric 
Sodium. I—Theory ofthe Intensity Plateau 
in the Twilight Airglow. Joseph W. 
Chamberlain. II—Nightglow Theory. 
Joseph W. Chamberlain and Beverly J. 


Negaard. III Supplementary Con- 
siderations. D. M. Hunten. J. Atmos 
& Terrestrial Phys., Aug.-Sept., Oct., 


1956, pp. 73-89; 169-183. 48 refs. 
ARDC-sponsored application of Chandra- 
sekhar’s theory of radiative transfer to the 
twilight airglow in order to determine the 
number of Na atoms per cm.? (column) 
from a comparison of theoretical results 
with those obtained from measurements 
of absolute brightness, the variation of 
brightness during twilight, and the in- 
tensity ratio D./D,. 


Military Aviation & Armament 


Weapon-System Cost Analysis. G. H. 
Fisher. Operations Res., Oct., 1956, pp. 
558-571. Method of estimating cost in- 
puts for weapon systems analyses is dis- 
cussed. 

Army Research and Development in 
Missiles, Aviation, and Avionics. William 
Beller. Aero Dig., Oct., 1956, pp. 22-25. 
Description of the most pressing current 
needs of the Army and list of the respon- 
sible Army agencies and the data they re- 
quire from prospective contractors. 


Missiles 


Systems Engineering. Arthur W. Rob- 
inson. G-E Tech. Forum on Guided Mis- 
stiles, New York, Mar. 3, 1956, Paper. 6 
pp. Discussion of systems engineering 
with details of its evolution, of problems 
involved, and of the work of the systems 
engineer. 

The Integration of Systems Test. Wil- 
liam R. Eaton. G-E Tech. Forum on 
Guided Missiles, May 9, 1956, Paper. 7 
pp. Discussion of current testing meth- 
ods and instruments used. 

Defence Against the ICBM. I. J. 
Billington. The Aeroplane, Oct. 26, 1956, 


pp. 630-632. Discussion examining the 
possibility of devising countermeasures 
against the Inter-Continental Ballistic 
Missile. Includes a description of the 
form of the ICBM, the thermal problem, 
ICBM trajectories, and detection tech- 
niques. 

A Pursuit Problem. R. M. Rosenberg 
J. Franklin Inst., Oct., 1956, pp. 265-279 
Generalization of the missile ‘pursuit 
curves with lead’ problem in which the 
tangent of the missile trajectory converges 
to the virtual impact point of target and 
projectile under uniform linear velocity 
of both, in order to find the trajectory 
which satisfies the problem when the ve- 
locities of projectile and intercepter coin- 
cide, and under the added conditions that 
one of the position coordinates of the tar- 
get is unknown and the vision of the inter- 
ceptor is severely restricted. 


O Vertikal'nom Pod’eme Tochki Pere- 


mennoi Massy v Srede Postoiannoi 
Plotnosti. V.V. Beletskii. Prik/. Mat. i 
Mekh., July-Aug., 1956, pp. 559, 560. 


In Russian. Analysis of vertical lift of a 
point of variable masses in a media of con- 
stant density 

Theoretical and Experimental Normal 
Force Distribution on a Cone-Frustum 
Body at Supersonic Speeds. William D. 
Murphree. USRA OML Rep. 2RI19F, 
Sept. 15, 1956. 88 pp. 10 refs. Con- 
sideration of methods for calculating the 
aerodynamic characteristics of a 
frustum body, and presentation of the re- 
sults of theoretical and experimental 
normal-force distribution investigations. 

Impact of Guided Missiles on the Mili- 
tary Future. Malcolm F. Schoeffel. [RE 
Trans., ANE Ser., Sept., 1956, pp. 101 
103. 

Special Issue: Second Annual Suople- 
ment on Guided Missile Equipment. 
Jet Propulsion, Oct., 1956, Pt. II. 32 pp 
Contents: Rocketry and Related Fields, 
Walter H. Winnard, Jr. The Dynamic 
Unbalance Test Installation, James B 
Kendrick. Temperature and _ Pressure 
Sensing Systems, T. M. Stickney. High- 
Speed Digital Data Processing, William 
Kneen. Explosive Destructors and Fune 
tional Devices, E. William Place. Fuel 
Injectors for Gas Turbines and Rockets, 
H. F. Rothwell. Instruments and Test 
Equipment, Ralph E. Brown. Lead Sul- 
fide Photosensitive Resistor, Stanley H. 
Duffield. Transfer of High Pressure Gas, 
Richard L. Hayman. Controlled Ex- 
plosive Power Units, Frank W. LaHaye 
Fluorocarbons and Rocket Cases _ for 
Missiles, Francis J. Honn and K. Dexter 
Miller, Jr. Commutation Switches for 
Telemetering, J. H. Dubois. Optical 
Tracking Instruments Thomas P. Fahy 
New Answers for Flow Problems, R. W 
Schooley. Pressure Transducers for Cor 
Missile 
Accessories, J. Leo 


cone- 


rosive Media, George T. Senseney 
Components and 
Raesler. Gas Turbines for Missile Ground 
Support, Erwin O. A. Naumann. Con- 
trols for Low Temperature, High Pressure, 
Robert L. Schaller. Transducers for 
Extreme Vibration Conditions, M. Di 
Giovanni. Self-Aligning Plain Bearings 
and Rod End Bearings, K. V. Hackman. 
Storage and Handling of Dimazine, 
William B. Ross New Test Equipment 
Meets Missile Aircraft Needs, Frank S 
Wyle. 
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Missile Aerophysics. Joseph Farber 
G-E Tech. Forum on Guided Missiles, 
May 9, 1956, Paper. 5 pp. Discussion 


of the problems involved in hypersonic 
flight. 

Modern External Ballistics in France, 
I—-History of the Calculation of Trajec- 


tories. II--The GHM-1953 Method. M. 
Garnier. (Mem. Artill., No. 107, 1954, 
pp. 119-234.) Gt. Brit., MOS TIB/ T4438, 
Dec., 1955. 110 pp. 31 refs. Transla- 
tion 
Navigation 


Electronic Aids 


A Modern Flight Instrument System. 
W. H. McKinlay. J. Inst 
Oct., 1956, pp. 410-418. Description of 
the Smiths Flight System, an integrated 
system which presents basic heading and 
attitude information, the control of an 
automatic pilot, and the processing of 
radio navigational information 

Comparison Between Two Decca Chains 
H. C. Freiesleben. (Ausschuss fiir Funk- 
ortung, Essen, Feb. 28, 1956.) J. Inst. 
Navigation, Oct., 1956, pp. 419-422. 
Summary of papers covering investigation 
of the accuracy of Decca fixes to distin- 
guish between systematic and 
errors 

Some Developments of the Decca Navi- 
gator System. I-—Decca for Helicopter 


Navigation, 


random 


Operations. J. G. Adam. II—The Use 
of the Flight Log. E. R. Wright. TII— 
Dectra. G. Hawker. J. Inst. Naviga- 


tion, Oct., 1956, pp. 385-403; 
pp. 403-405. 

Decca Mark 10; Latest Development 
in the Decca Navigator Svstem. Flight, 
Oct. 12, 1956, p. 608. Description of the 
system whose improved performance, in 
terms of night-time coverage, simplified 
operation, and minimum residual ambigu- 
ity of fixing position, derives from a modi 
fied transmission method requiring a short 
burst of all four normal Decca frequencies 

Vertical Scanning Air-Borne Radar for 
Reducing Hazards of Aircraft Icing and 
Ground Collisions. (JAS, 24th Annual 
Meeting, New York, Jan. 23-26, 1956.) 
Aero. Eng. Rev., Dec., 1956, pp. 52-54 
Evaluation of methods for modifying 
present. air-borne radar installation in 
order to permit vertical scanning enabling 
the pilot to determine the extent of thun- 
derstorm clouds and icing areas and also to 
depict terrain obstructions. 

Theoretical Concepts of New Airborne 
Navigation Systems. David J. Green 
SAE Natl. Aero. Meeting, Los 
Oct. 2-6, 1956, Preprint 836. 11 pp 
Description of a new, hybrid navigational 
system combining the advantages of both 
the self-contained and externally referenced 
systems, with discussion of the Self-Cor- 
recting Automatic Navigator (SCAN 
and its governing concept of statistical 
data filtering. 

Collins Anti-Collision Radar; A New 
Development of Far-Reaching Significance 
in Air Safety. Flight Mag., Oct., 1958, 
pp. 26, 27, 52-53 ff. 


Design Features of the ASN-7 Navi- 


Discussion 


ngeles, 


gational Computer. S. I. Frangoulis 
IRE Trans., ANE Ser., Sept., 1956, pp 
108-112. Description of the development 


po 
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gu Material Testing at 5000° F. 

hort The Jet Propulsion Labora- The use of materials at extreme operating Commercial graphite grades are now being 
cies 
tory is a stable research and temperatures requires a knowledge of their evaluated for missile applications using this 
r for development center located : 
and north of Pasadena in the properties at these temperatures. In order equipment. Concurrently a long-range in- 
nua foothills of the San Gabriel to determine the high temperature proper- vestigation has been initiated to determine 
156 mountains. Covering an 80 ties of graphite for use in jet vanes and _ the effect of micro-structural variables upon 
54 acre area and employing 
ae 1600 people, it is close to nozzles, new testing equipment and tech- the properties of graphite at extreme tem- 
4 7. attractive residential areas. niques were needed. peratures. 
pling The Laboratory is staffed by j . 
hun the California Institute of For this purpose, the Jet Propulsion 
so to Technology and develops its ; oratory ‘‘must,’’ providing needed data for 
‘ Laboratory successfully developed unique 
many projects in basic re- : ji : engineers concerned with the design of mis- 

cath search under contract with testing equipment using specially-designed sie euntenis 
sats the U.S. Government. graphite extensometers and spiral heaters y ; 

les, Opportunities open to quali- capable of determining the stress-strain Qualified individuals interested in such 

pp - ig news of U.S. citizen- properties of graphite at temperatures in stimulating activities will find rewarding ca- 
_ ship. Inquiries now invited. the vicinity of 5000° F. reers in research and development at JPL. 
~nced 

Cor 
‘AN AERONAUTICS * MECHANICAL * STRUCTURES DYNAMICS 
OPPORTUNITIES 
HESE FIELDS NOW 3 

New METALLURGY * CERAMICS + SOLID STATE PHYSICS 
cance 

1956, 
Navi- JET PROPULSION LABORATORY 

nulis 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
| PASADENA * CALIFORNIA 


The iene ed Analysis Se ction of the newly-organized Research Divi- | 
sion of Bell Aircraft is charged with deve loping basic methods and tech- 
niques in many areas of responsibility and with working closely with 
Preliminary Design and Development Analysis in nurturing our new 


FIT YOUR FIELDS 
OF INTEREST 


weapon sy stems programs to full-blown project status. 


Typical problems encountered in this Advanced Analysis Section 


include: 
RELIABILITY ENGINEERING 


The definition of test programs, 
such as life testing and tests to 
destruction under severe environ- 
mental stresses to determine “‘in- 
herent” reliability of equipment 
and relating these controlied test 
results to the operational reli- 
ability observed on production 
missiles. 


FLIGHT TEST DATA ANALYSIS 


Determine the over-all require- 
ments and techniques of flight test 
analysis for planning of test pro- 
grams. This often takes the form 
of specific detailed analyses of 
flight phenomena to indicate the 
direction for future planning. 


OPERATIONS ANALYSIS 


Evaluation of operational se- 
quences and logistic problems in 
terms of stockpile requirements, 
discrepancy rates and adequacy 
of servicing facilities, transporta- 
tion procedures, and supply line 
vulnerability. 


If your qualifications place you ina a 
to help solve these challenging problems...or if 
you are now limited in the « scope of your oppor- 
tunity and would like to participate in anv of 
Bell's widely diversified activities in other fields, 
Manager, Engineering Personnel, 
Department A-1, BELL AIRCRAFT CORPORATION, 


write today: : 


P. O. Box One, Buffalo 5, N. Y. 


ENVIRONMENTAL CRITERIA 
ANALYSIS 


Development of new techniques 
for the conversion of random vi- 
bration, as might be obtained from 
in-flight missile instrumentation, 
to equivalent vibratory inputs for 
application in the laboratory test- 
ing of the missile and its compo- 
nent. 


SYSTEMS ANALYSIS 


Determination of the compatibil- 
ity of a specific guidance system, 
an gerodynamic control system, 
and the error requirements at the 
target. 


MATHEMATICAL AND 
STATISTICAL ANALYSIS 


The mathematical formulation of 
the non-linear systems represent- 
ing rocket contro! methods and 
the subsequent reduction of these 
systems for high-speed computa- 
tion, either digital or analogue. 


AERONAUTICAL ENGINEERING REVIEW 


WHICH OF THESE PROBLEMS 


JANUARY, 


and design of an automatic dead-reckoning 
computer which displays the pilot’s present 
position in latitude and longitude and 
provides the rhumb-line course and dis- 
tance up to 1,000 nautical-miles. 

An Improved Medium-Range Naviga- 
tion System for Aircraft. C. G. McMul- 
len. JRE Trans., ANE Ser., Sept., 1956, 
pp. 103-107. Description of a method 
for using existing ground and air-borne 
equipment and a small, new unit involving 
only well-known circuits and techniques. 
Includes explanation of the 
and data on expected accuracy 


operation 


Nuclear Energy 


Atomic Energy and Propulsion. John 
Cockcroft. J. Inst. Transp.,  Sept., 
1956, pp. 421-428, 456. Survey of the 
effects of atomic power plants, with a 
brief discussion of problems to be en- 
countered in nuclear-propelled aircraft 


Parachutes 


A Study of the Effects of Fabric Geome- 
try Variables on Air Permeability. Wil- 
liam O. Perry. USAF WADC TR 54-574 
(OTS PB 121211, $1.75), Nov., 1955 
55 pp. Experimental investigation at 
several pressure differentials on specially 
designed nylon parachute fabrics. The 
process of establishing the ratio of total 
fabric area to interstice area is used for 
obtaining data on yarn widths as they lie in 
the cloth. 

Development of Dacron Parachute 
Materials. Hamilton J. Bickford, Thomas 
L. Rusk, Jr., and Donald K. Kuehl 
USAF WADC TR 55-432 (OTS PB 
121187, $1.50), Feb., 1956. 45 pp 
Evaluation of seven fabrics, classified ac- 
cording to their minimum breaking 
strength in lbs./in., for determining their 
ability to meet the special requirements 
for high-speed-vehicle and missile para- 
chutes 


Photography 


Influence of the Jet Age on Airborne 
Photographic Equipment. R. G. Hen- 
nessey U.S. Air Serv., Sept., 1956, pp 
14-16, 18. Discussion of aerial recon- 
naissance, taking intoaccount new weapons 
and covering such problems as image- 
motion compensation, equipment weight 
and size reduction, automatic adjustment 
of camera setting for available light con- 
ditions, and design of cameras for com- 
patibility with full-scale data-collection 
and storage systems. 

Stabilization Problems in Military and 
Commercial Aircraft, Panel. Photo- 
grammetric Eng., Sept., 1956, pp. 646 
653; Discussion, pp. 653-655. Contents: 
History of Stabilization, Ernest H. Pallme 
Some Problems Involved in Military Re 
connaissance Requirements and the Ap- 
plication of Stabilization to Their Solution, 
Tom Levick. Design Problems 
Twin Camera Mount Using Brute Force 
Stabilization, Wilton Stewart Problems 
in the Integration of Stabilized Mounts 
into Photo Systems, Irving Doyle. Prob 
lems in Connection with Installing Cam- 
eras Inside the Pressurized Compartment, 
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HIGH LEVEL ENGINEERS WANTED 


Be as happy as this Solar Engineer and his family... with their 
lovely home and the many wonderful opportunities for cultural and 
recreational activities in beautiful sunny San Diego and its environs. 


If you’re seeking challenging 
opportunities as an engineer, 
youll find great advantages in 
being part of Solar’s outstanding 
engineering team. Work on 
advanced development and pro- 
duction projects that will utilize 
your best abilities. Discover that 
working for a medium-size com- 
pany brings greater benefits in 
wide engineering experience and 
quick recognition for ability and 
achievement. Solar’s excellent 
personnel policies offer the 


opportunity for lifetime security 
...plus a complete range of 
liberal benefits, including a 
profit-sharing retirement plan. If 
you want to qualify for a fine 
career with an outstanding com- 
pany in a wonderful city, send a 
resume of your qualifications and 
educational background to Louis 
Klein, Engineering Personnel, 
Dept. E-123, Solar Aircraft 
Company, 2200 Pacific Highway, 
San Diego 12, Calif. 


ENGINEERS 


EXPERIENCED IN THE MISSILE 
COMPONENTS FIELD’ 


e Aerodynamics Engineers 
¢ Guidance and Controls 
e Structures Engineers 

e Power Plant Engineers 


CHIEF EXPERIMENTAL ENGINEER for Gas Turbines 
PROJECT ENGINEER for Pneumatic Ducting 
MECHANICAL ENGINEERS for Gas Turbine Production Projects 


Solar also has permanent openings for: 


DESIGN ENGINEERS * DRAFTSMEN * CHECKERS « ENGINEERING WRITERS 


SOLAR 


Live and work in 
Sunny San Diego! 


The best insurance for personal and 
family happiness is job satisfaction ... 
and pleasant living conditions. An 
engineering post at Solar fulfills both 
requirements ... you can advance your 
career while you enjoy real living. San 
Diego is the perfect place to live. The 
climate is ideal...sunny and cool all 
year ‘round. You can live by the sea, in 
the country, or in a residential suburb 
and be only minutes from work. Join 
Solar’s advanced engineering team... 
and enjoy a new way of life! 


Outdoor patio living can become part of your daily 
activities in San Diego’s year-round moderate climate. 


Have fun at the beach...your tempo of living will 
be paced to the opportunities for relaxation afforded 
by San Diego’s climate. 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 


Resigners, Developers and Manufacturers * Gas Turbines « Aircraft and Missile Components * Bellows * Controls * Coatings * Metal Alloy Products 
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Raymond I. Beck. New Photo Installa- 
tion Especially on New High Performance 
Aircraft, Harry Alter. 

The Taking of Helicopter Photography 
for Use in Photogrammetric Research and 
Training. Robert N. Colwell. Photo- 
grammetric Eng., Sept., 1956, pp. 613-621. 
Description of examples of both still and 
motiou-picture photography in which the 
problems of proper target framing, se- 
lecting the correct camera stations, mini- 
mizing image blur, and obtaining sufficient 
overlap to permit either stereoscopic or 
motion-picture viewing of the images are 
overcome through the use of a helicopter 
as the aerial platform. Includes descrip- 
tion of methods for installing and operat- 
ing cameras in helicopters. 

Differences Between Visual and Photo- 
graphic Calibration of Air Survey Cameras. 
P. D. Carman and H. Brown.  Photo- 
grammetric Eng., Sept., 1956, pp. 623 
626. 

Determination of Geographic Coor- 
dinates, Flight Heights, and True Orien- 
tations for Extensions of Strips of Aerial 


Photographs. C. S. Shu and A. J. Mc- 
Nair. Photogrammetric Eng., Sept., 1956, 


pp. 637-643. 

Sources of Error in Various Methods 
of Airplane Camera Calibration. Francis 
KE. Washer. Photogrammetric Eng., Sept., 
1956, pp. 727-740. 22 refs. Theoretical 
investigation of errors affecting the meas- 
ured values of focal length and distortion, 
taking into account three photographic 
methods used in camera calibration. 
Principal sources of error are shown to be 
errors in length measurement on the cali- 
bration negative, errors in angle separating 
targets in the object space, and errors aris- 
ing out of departure from flatness in the 
photographic plates used in the calibra- 
tion. 

Vertical Aerotriangulation Adjustment 
Utilizing Electronic Computers. Carl J. 
Born. Photogrammetric Eng., Sept., 1956, 
pp. 664-666. Description of an analytic 
method in which the coefficients of the 
terms in the general equation are auto- 
matically determined by the method of 
least squares, with the corrections then 
computed for the elevations on the photo- 
graummetric passpoints and the final results 
printed in tabular form. 

Service Trials of Triple-View Camera 
Method of Measuring Vertical Velocities 
in Landing (Sea Hornet Mk.XXI). D. A 
Webber. Gt. Brit., RAE TN Struc.194, 
June, 1956. 21 pp. Investigation using 
a triple-view camera to determine the 
contact velocity of the three undercar- 
riages of an aircraft. Tests cover two 
parts, the first consisting of dummy deck 
landings by day and the second of day and 
night landings on an aircraft-carrier deck. 

Multi-Channel Drum Camera Record- 
ing of Dynamic Phenomena. H. Taylor 
aud T. W. Armstrong. Gt. Brit., NGTE 
Memo. M.279, Aug., 1956. 60 pp. De- 
velopment of a film camera able to make 
a large number of exposures at high film 
speeds in rapid succession and to provide 
records of electrical signals without the 
need of film reloading. The device is used 
for gas-turbine research. 

Star Calibration Procedures for CZR-1 
Cameras. E. Stern and A. E. Hoffmann- 
Heyden. USAF MTC TN 56-62, Aug., 


1956. 23 pp. Description of a test de- 
signed to record star trails from different 
parts of the sky with the CZR-1 camera 
in order to evaluate the feasibility of 
CZR-1 dial orientation and to obtain un- 
biased statements of the dial-data reli- 
ability 


Physics 


Motion of a Sphere Through a Conduct- 
ing Fluid in the Presence of a Strong Mag- 
netic Field. kK. Stewartson. Proc. Cam 
bridge Philos. Se Apr., 1956, pp. 301 
316. 14 refs 

A Plane Continuum no Two of Whose- 
Non-Degenerate Subcontinua Are Ho- 
meomorphic. R. 1D. Anderson and Gus- 
tave Choquet. ZJnst. Advanced Study, 
Princeton, N.J (AFOSR TN 56-315) 
|AD 94-851), July 1956. Opp. Detailed 
constructive proof of the existence of a 
continuum 1/7 which does not separate the 
plane 


Power Plants 


Boundary Layer Propulsion. F. H 
Reynst. Aeronautics, Nov., 1956, pp. 64, 
66, 69, 70. Examination of the possi- 
bility of designing an integrated propul- 
sion and drag-reduction system in which 
the air of the boundary layer would be 
come the working mass of the propelling 
engine 

Operating Experience with Turbo-Prop 
Engines. Brooke E. Allen. SAE Nat! 
Meeting, Los Angeles, Oct. 2-6, 
1956, Preprint 835. 11 pp. Résumé of 
the propeller-turbine accelerated service 
test program on two Convair YC-131C air 
craft and description of the continued 
service test on two Boeing YC-97] and two 
Lockheed YC-121F aircraft 


Aero. 


Atomic 


Electrical Propulsion System for Space 
Ships with Nuclear Power Source. III. 
Ernst Stuhlinger. J. Astronautics, Sum 
mer, 1956, pp. 33-36. Discussion cover 
ing power-plant assembly, ionization and 
thrust chambers, the dynamics of a space 
ship, masses of propulsion-system com 
ponents, and design data of a representa 
tive space ship 


Jet & Turbine 


The Small Gas Turbine. (Polytech 
Inst. Bklyn. Dept. Mech. Eng.; ASME; 
SAE, Symposium, New York, Oct. 1, 
1955.) SAE J., Oct., 1956, pp. 37-44 
Contents: The Small Gas Turbine Cycle 
and Exhaust-Heat Recovery, A. A. Hafer 
Heat Exchangers for Small Regenerative 
Gas Turbines, W. W. Chao. Design Re 
quirements of a Good Combustion Sys- 
tem, H. A. Fremont and S. N. Suciu 
Vibration in Gas Turbine Engines, H. C 
Hill. Gas Transmissions, L 
Kingston. Small Turbojet Engine Con- 
trol Requirements, L. E. Berggren. New 
Materials for Small Gas Turbines, J. J 
Harwood Industrial and Com 
mercial Uses for the Small Gas Turbine, 
P. F. Martinuzzi. Small Turbines for 
Aircraft in the Future, A. T. Gregory 

The Development of Rolls-Royce Pro- 
peller Turbine Engines. D. P. Huddie 


Turbine 


Future 


-JANUARY, 


(CAI Annual General Meeting, Montreal, 
May 3, 4, 1956, Preprint.) Can. Aero. J., 
Oct., 1956, pp. 299-306. Historical sur- 
vey of development with details of per- 
formance, control systems, serviceability, 
and noise level characteristics 

Determinarea Variatiei Tractiunii si 
Consumului Turboreactoarelor. P. Con- 
stantinescu. Rev. Transporturilor, Aug., 
1956, pp. 321-324. In Rumanian. De- 
velopment of a method for calculating 
the thrust variation and hourly fuel con- 
sumption of turbojets, based on the num- 
ber of revolutions, speed, and flight alti- 
tude 

Reliability of Combustion Efficiency 
Evaluation for Jet Propulsion Based Upon 
Aerodynamic Measurement of Combus- 
tion Temperature. Gilbert S. Bahn. 
Jet Propulsion, Oct., 1956, Pt. I, pp. 861 
866, 887. 38 refs. Theoretical investiga- 
tion of the sources and magnitudes of both 
systematic and random errors 

The Effects of Geometry and Other 
Parameters on the Air Flow Patterns in a 
Vortex Combustion Chamber. FE. C. 
Roberson. Gt. Brit., NGTE Rep. R.186, 
June, 1956. 35 pp. 11 refs. 

Orion; First Details of Bristol's New 
Turboprop. Flight, Oct. 26, 1956, pp 
677-682, cutaway drawing. Design and 
description of a two-spool turboprop with 
the reduction gear driven off the low- 
pressure assembly. 

The 11,000 Ib. s.t. Armstrong Siddeley 
Sapphire A.S.Sa. 7 Turbojet. 7h: 
plane, Oct. 19, 1956, pp. 587-599, cutaway 
drawings. Graphical summary of the 
engine’s development, with simplified 
diagrams of the fuel and lubrication sys- 
tems. Includes a list of aircraft powered 
by the Sapphire engine. 

The Problems of the Turbojet Engine 
as a Propulsion Engine for Supersonic 
Flight. M. J. Zucrow. (JAS Section 
Meeting, Indianapolis, Mar. 12, 1956.) 
Aero. Eng. Rev., Dec., 1956, pp. 45-51, 61 
12 refs. Discussion of turbojet engines 
in terms of three performance parameters: 
specific engine weight, thrust per unit of 
frontal area, and thrust specific fuel con 
sumption. 

Le Probléme Electrique du Démarrage 
des Turbomachines. A. Sageau. Do- 
caéro, Mar., 1956, pp. 21-28. In French 
Study of the problem of starting turbo- 
engines, with details of the turbojet char 
acteristics, feeding systems, and electric 
equipment used. 

Third Degree of Turbojets. Lou 
Schultz Instrumentation, Sept.-Oct., 
1956, pp. 10-12. Description of the test- 
ing instrumentation and of the Ford 
method for testing J-57 turbojets by run- 
ning them on instruments for a time equiva- 
lent to 4,000 miles before they are incor- 
porated into aircraft structures 

The Fouling of Turbine Blades by Fuel 
Ash. VI —Pressure Tests with Cambered 
Blades. J. J. Macfarlane and F. S. E 
Whitcher. Gt. Brit., NGTE Rep. R.193, 
July, 1956. 22 pp. Investigation of ash 
deposition and corrosion on a cascade of 


Aero- 


cambered blades at pressures up to 4 at- 
mospheres absolute. Severe choking of 
the cascade by low-temperature deposits 
is demonstrated, and limited conclusions 
are drawn concerning the relationship 
between weight of deposit and cascade 
pressure drop 
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At Cornell Aeronautical Laboratory, The F-94 


CASTS A SUPERSONIC SHADOW 


Months before the Convair B-58 supersonic bomber took to 
the air, its handling characteristics had been successfully sim- 
ulated by C.A.L. on a totally different airplane. 

Our study of the predicted performance of the new 
bomber’s proposed control system and configuration was 
accomplished with a modified F-94 fighter carrying highly- 
specialized hydraulic, mechanical and electronic components. 
The stick forces and motions of the B-58, as well as its sta- 
bility characteristics, were reproduced by this automatic con- 
trol system, one of the products of C. A. L.’s continuing 
long-term effort in artificial stability and control research. 

This project is typical of the 160 varied research projects 
currently active at C.A.L.— stimulating, technically challeng- 
ing, and professionally significant. Our research program is 
unusually broad in scope, encompassing such areas as Aero- 
dynamics, Propulsion, Aeroelasticity, Wind Tunnel Research, 
Flight Research, Aircraft Design and Missile Systems. This 
broad program, coupled with our policy of assigning each 
staff member in accordance with his individual abilities and 
interests, makes it possible for us to offer outstanding employ- 
ment Opportunities to capable anc! imaginative men. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 
OF CORNELL UNIVERSITY 


WRITE FOR FREE REPORT 


The story behind Cornell Aeronautical Labora- 
tory and its contributions to aeronautical pro- 
gress is vividly told in a 68-page report, “A 
Decade of Research.” Whether you are inter- 
ested in C.A.L. as a place to work or as a place 
to watch, you will find “A Decade of Research” 
both useful and pertinent. Mail the coupon 
now for your free copy. 


Mr. W. A. Diefenbach 
CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


Please send me‘‘A Decade of Research.” 


Name 


Street 


City State 


[] Please send employment Information 


| 
| 
| | 
| 
| | 
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Turbine Disks for Jet Propulsion Units ; 
An Account of Work of the Disk Panel of 
the Ministry of Supply, Gas Turbine Col- 
laboration Committee, During the Years 
1941-1949. III. A. E. Johnson. Air- 
craft Eng., Oct., 1956, pp. 348-356. 

Tests on a Single-Stage Turbine Com- 
paring the Performance of Twisted with 
Untwisted Rotor Blades. I. H. Johnston 
and L. R. Knight. Gt. Brit., ARC R@M 
2927 (Feb., 1953), 1956. 11 pp. BIS, 
New York, $0.63. 

Further Investigation of the Feasibility 
of the Freeze-Casting Method for Forming 
Full-Size Infiltrated Titanium Carbide 


Turbine Blades. E. M. Grala. U.S., 
NACA TN 3769, Oct., 1956. 19 pp. 


Tests to determine if the problems en- 
countered during the process can be over- 
come. These problems include segrega- 
tions and large holes in the casting, par- 
ticularly in the root area; excessively low 
casting densities in the as-cast state; 
and gradations in density along the lengths 
of the blades. 


Ram-Jet & Pulse-Jet 


Variazione delle Grandezze Caratter- 
istiche dell’Autoreattore con o Senza Re- 


golazione delle Aree di Efflusso. Lodo- 
vico Pascucci. L’Aerotecnica (Rome), 
Aug., 1956, pp. 270-275. In _ Italian. 


Extension of Casci results for the behavior 
of a ram-jet in supersonic flight showing 
the difference between the case of a com- 
plete jet expansion in every operating con- 
dition and that of a fixed-dimension dif- 
fuser, where super- and 
fields are present. 


subexpansion 


Reciprocating 

Sul Calcolo delle Vibrazioni Flesso- 
Torsionali del Sistema Albero-Elica. 
Giovanni Scotto Lavina. L'Aerotecnica 
(Rome), Aug., 1956, pp. 278-290. In 
Italian. Analysis of the vibration modes 


of a crankshaft-airscrew system split into 
two separate systems. 


Rocket 
Rocket Motors. S. Allen. The Engr., 
Oct. 12, 1956, pp. 505-507. Abridged. 


Discussion of the development of the com- 
bustion chamber for the 
Siddeley “‘Screamer”’ rocket. 

The Theoretical Specific Thrust of a 
Rocket Motor for the C-H-N-O-F System. 
M. S. Morgan, J. Silverman, and W. T. 
Webber. Jet Propulsion, Oct., 1956, Pt 
I, pp. 874-877, 891. USAF-sponsored 
derivation of curves of theoretical Js») for 
various hypothetical compositions and 
heats of formation at a chamber pressure 
of 500 psia and a nozzle exit pressure of 1 
atmosphere. 

Rocket-Motor Design. Sidney Allen 
Flight, Oct. 19, 1956, pp. 637, 638. Ac- 
count of the problems 
evolution of the 
“‘Screamer.”’ 

L'Utilizzazione della Potenza nella Pro- 
pulsione a Razzo. Pietro Formentini. 
L' Aerotecnica (Rome), Aug., 1956, pp. 
255-264. 16 refs. In Italian. Calcula- 
tions of the power utilized in rocket pro- 
pulsion, starting from the definition of 
various amounts of power and their re- 
spective efficiencies. 


Armstrong- 


posed by the 
Armstrong Siddeley 


The Effect of Vehicle Structure on Pro- 
pulsion System Dynamics and Stability. 
Robert S. Wick. Jet Propulsion, Oct., 
1956, Pt. I, pp. 878-887. 13 refs. Theo- 
retical investigation of the general case, 
with the analytical methods developed 
therein and servomechanism techniques 
applied to a monopropellant rocket-pro- 
pelled vehicle 


Production 


Reproducing Loft-Lines; New Photo- 
chemical Method Developed for Trans- 
ferring Original Drawing Information 
Directly on to Other Materials. Air- 
craft Prod., Nov., 1956, pp. 438-443. 

Protection du Matériel Transporté et 
Stocké Contre |’Action des Agents Atmos- 
phériques et Biochimiques. G. Gilles. 
Docaéro, May, 1956, pp. 41-54. In French. 
Description of the packaging materials 
and techniques for the protection of 
transported and stocked supplies against 
the action of atmospheric and biochemical 
agents 


Metalworking 
An Analysis of the Orthogonal Boring 


Operation. Bernard W. Shaffer. (AS- 
ME Diamond Jubilee Annual Meeting, 
Chicago, Nor 13-18, 1955.) Trans. 


ASME, Oct., 1956, pp. 1,517-1,525. 
Preliminary Investigation of Laminat- 
ing Techniques for Aluminum Sheet 


Material. Fred Werren and B. G. Hee- 
bink USAF WADC TR 56-24 (OTS 
PB 121336, $0.75), Mar., 1956. 22 pp. 


Largest Closed Die Forging; Die Sink- 
ing and Handling Problems. Steel Proc- 
essing, Oct., 1956, pp. 574, 590. 

Tooling Problems Peculiar to the Heavy 
Press Extrusion Industry. Haskell J. 
Ross. Steel Processing, Oct., 1956, pp. 
576-580. Discussion of the design and 
production of dies for producing large 
extrusions for aircraft industry. 

Skin-Milling. Aircraft Prod., Nov., 
1956, pp. 444-451. Description of a 
Swiss for producing complete 
wing-skin panels from aluminum or steel 
plates 


machine 


Tracer- 
Controlled Deep-Hole Boring Technique; 
Application of Sulphur Matrix Core for 
Concentricity Between Inside and Outside 
Diameters. Aircraft Prod., Nov., 1956, 
pp. 460-470 


The Use of Cold Rolling for Finishing 


Shafts and Bores. H. KO6nig. (Werk- 
stattstechnik und Maschinenbau, June, 
1956, pp. 274-282.) Engr. Dig., Oct., 


1956, pp. 433-436. 
cludes shape and 
design of 


Discussion which in 
adjustment of rolls, 
attachments, and ex 
amples of attachments and machines 

Explosive Rivets; Advantages Claimed 
for Their Use in Airframe Blind-Riveting 
Applications. Aircraft Prod., Nov., 
1956, pp. 452, 453. Description of new, 
noncorrosive, explosive rivets, 
tools, and special-purpose rivets 


rolling 


riveting 


Nonmetalworking 
Viscosity Data for Extruder Flow 
Equations. Robert D. Sackett. SPE J., 


Oct., 1956, pp 


32-36. 
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Tooling 


Carbide Tooling. Aircraft Prod., Nov., 
1956, pp. 474-478. Application of tung- 
sten-carbide tooling to multispindle auto- 
matic-lathe operations, in particular to 
wide-face forming operations. Tests show 
that, with certain reservations, the only 
limiting factor is the disposal of large 
quantities of swarf. 

Heat Transfer to, and Temperature 
Distribution in, a Metal-Cutting Tool. 
D. L. Rall and W. H. Giedt. (ASME 
Diamond Jubilee Annual Meeting, Chicago, 
Nov. 13-18, 1955.) Trans. ASME, Oct., 
1956, pp. 1,507-1,515. 


Welding 
Fabricating Aluminum with Other Met- 


als. Kenneth V. Lutz. AWS Annual 
Fall Meeting, Cleveland, Oct. 11, 1956, 
Paper. 9 pp. Methods for welding 


aluminum to dissimilar metals such as 
steel, copper, monel, nickel, and brass 

Welding Titanium. L. G. Burnard. 
Aircraft Prod., Nov., 1956, pp. 454-458. 
Methods for argon-arc welding and spot 
welding of titanium sheet are discussed. 
The construction and operation of the 
special welding boxes designed for the ar- 
gon-are processes are also described 

Vacuum Chuck Utilizes Welded Con- 
struction. Alex A. Durand. Tool Engr., 
Nov., 1956, pp. 96-98. Description of 
welding techniques used in the assembly 
of a vacuum chuck for a high-speed mill- 
ing machine used in large-aircraft panel 
production. 

Problems Involved in Spot Welding 
Titanium to other Metals. Frank W. 
McBee, Jr., Jimmy Henson, and L. R. 
Benson. Welding J. Res. Suppl., Oct., 
1956, pp. 481-s—487-s. Investigation of 
the properties and problems of stainless 
steel—titanium welds. Also includes 
welding tests on chromium, iron, zirco- 
nium, magnesium, and aluminum. 

Developments in Mechanized Welding 
in the Aero-Engine Industry. F. G. C. 
Sandiford. IME Proc., No. 4, 1956, pp. 
157-175; Discussion, pp. 175-180. Dis- 
cussion emphasizing the rapid develop- 
ment in sheet metal manufacturing, in 
particular of mechanized welding, and re- 
view of a wide range of applications of 
fusion and resistance of welding 


Propellers 


Investigation of the Aerodynamic Char- 
acteristics of a Model Wing-Propeller 
Combination and of the Wing and Pro- 
peller Separately at Angles of Attack up to 
90°. Appendix A—Tunnel-Wall Correc- 
tions. Appendix B—Slipstream Charac- 
teristics. Appendix C—Performance Cal- 
culations. Richard E. Kuhn and John W 
Draper. U.S., NACA Rep. 1263, 1956 
40 pp. Supt. of Doc., Wash., 
Presentation of test results of experimen- 
tal data obtained with a semispan wing 
immersed in the slipstream of two large 
diameter propellers, and a brief analysis 
of the application of the data to aircraft 
combining flight characteristics of the 
helicopter and the conventional airplane 

An Aerodynamic Theory of a Supet- 
sonic Propeller. Donald Earl Ordway 
Cornell U. Grad. Sch. Aero. Eng. OSR TN 
56-287, June, 1956. 170 pp. 27 refs 


$0.38 
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Careful plotting records radiation propagation efficiency in antenna research. 


Every airplane’s an individual...so is every engineer 


In research and development, each new airplane model 
requires new engineering. For no two models are the 
same. 

In the same way, we at North American’s Columbus 
Division are continually studying the human require- 
ments of this major airframe manufacturing organi- 
zation. Our aim is to provide the finest possible facilities 
for creative engineering. Sixteen complete laboratories 
are designed to give engineers the facilities they need 
to carry out important tests, studies and development 
of their own ideas. 

The Columbus Division holds prime responsibility 
on all North American Naval aircraft projects from 
concept through flight. It is a rapidly-growing, com- 
pletely integrated organization, giving each individual 


every chance to develop and advance his own career 
on merit. You owe it to your future growth to investi- 
gate opportunities in your field here. 


OPPORTUNITIES FOR CREATIVE AIRCRAFT ENGINEERS 
IN EVERY FIELD: 

Aerodynamicists, Thermodynamicists. Dynamicists, 
Stress Engineers, Structural Test Engineers, Flight Test 
Engineers, Mechanical and Structural Designers, Elec- 
trical and Electronic Engineers, Wind Tunnel Model 
Designers and Builders, Power Plant Engineers, Re- 
search and Development Engineers. Weight Engineers. 

For career information every engineer should know, 
write: J. H. Papin, Personnel Manager, Dept. 561-AER 
North American’s Columbus Div., Columbus 16, Ohio. 


THE COLUMBUS DIVISION OF iN 
NORTH AMERICAN AVIATION, INC. 7x 
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CHALLENGE! 


This is it. The call to make 
history. The challenge of the 
ICBM, Titan. 


Accept it—lay your skill, courage 
and tough-minded determination 
on the line—and you'll join 

an engineering team dedicated 

to reaching another plateau 

in man’s conquest of space. 


In return, we offer you unbounded 
opportunities as promising as 

the growth of our company. We 
offer the deep-down satisfaction 
of working with top engineers. 
We offer the modern facilities of 
our plant, located in the 

foothills of the 
Colorado Rockies. 


If this challenge calls you, write 

today to: Emmett E. Hearn, Em- 

ployment Director, Dept. A-1, 
P.O. Box 179, Denver 1, Colorado. 
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Evaluation of a supersonic propeller with 
blades attached to an infinite cylinder as a 
hub, considering the forward speed as sub- 
sonic but the relative speed at each section 
as supersonic. The lightly loaded blades 
are represented by a surface distribution of 
appropriately modified sources in a man- 
ner similar to ordinary supersonic thin- 
wing theory. 


Reference Works 


Collection of Papers Presented at the 
Colloquium in Statistical Design of Labora- 
tory Experiments. U.S., NAVORD kep 
4028 (OTS PB 121181, $2.75), June 1, 
1955. 98 pp. 29 refs. Contents: An 
Example of Planning Laboratory Experi 
ments, Besse Day and Francis Del Priore 
Principles of Experimental Design, Ken 
neth Brownlee. The Student-Fisher Revo- 
lution in Modern Statistics, Churchill 
Fisenhart. Usable but not Widely Known 
Statistical Techniques, William Kruskal 
Multivariate Methods in Testing of Com 
plex Equipment, Harold Hotelling. Mak 
ing Decisions from Experiments, David 


Blackwell 


Rocket Sleds 


Recent Developments in Braking of 
High-Speed Test Vehicles. Claude A 
Brosterhouse and Hugh B. Thompson 
Aero. Eng. Rev., Dec., 1956, pp. 26-31 
Adaptation of established principles of 
high-speed breaking and extension of their 
application resulting in improved sta- 
bility of high load water brakes and in the 
development of an effective means of final 
arresting 


Rotating Wing Aircraft 


Convertiplane Technique; the Fairey 
Company’s Work with the Jet Gyrodyne. 
Flight, Oct. 5, 1956, pp. 570, 571 

The Brantly B-2 Helicopter. Frank A 
Erickson. AHS Newsletter, Oct., 1956, 
pp. 1-4. Includes details of the fuselage, 
tail section, drive shaft, rotor controls and 
blades, and cooling systems 

The Area Coverage System for Heli- 
copter Navigation. C. L. Wetzel. AHS 
J., Oct., 1956, pp. 11-16. Discussion of 
the area-coverage system vs. the omni 
range VHF line-of-sight system with re 
spect to requirements in the period from 
the present to about 1970, and in terms of 
range and coverage, reliability and _ noise, 
accuracy, presentation, compatibility with 
other services (communications, ete.), and 
traffic control. 

The Effect of Rotor Blade Planform on 
the Tip-Stall-Limited Top Speed of a 
Helicopter. Walter Castles, Jr., and 
Howard L. Durham, Jr. AHS J., Oct., 
1956, pp. 17-26. 

Flight Envelopes for Helicopters. R 
Vannutelli. (L’Aerotecnica, No. 5, 1958, 
pp. 230-234.) Gt. Brit., RAE Lib. Transl 
594, Sept., 1956. 9 pp. 

On the Initial Vertical Descent of 4 
Helicopter Following Power Failure. B 
W. McCormick, Jr. J. Aero. Sci., Dec. 
1956, pp. 1,125, 1,126. Deseription and 
illustrative examples of a rapid method t¢ 
estimate the rotor-speed decay and descent 
velocity for the first 2 or 3 see 
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Flying the Westland Widgeon. John 


Fricker. The Aeroplane, Oct. 12, 1956, 
pp. 554-557. Discussion of a modified 
Sikorsky S-51 design, giving a longer 


cabin, an improved flying control system, 
together with an increased center-of- 
gravity range attained by fitting the offset 
flapping-hinge rotor-hub of the larger S-55 
model. 

Charts for Estimating the Hovering 
Endurance of a Helicopter. Robert A. 
Makofski. U.S., NACA TN 3810, Oct., 
1956. 15 pp. Charts giving hovering 
endurance as a parameter which is a func- 
tion of the ratio of total fuel load to heli- 
copter initial weight for a range of initial 
thrust coefficients from 0.002 to 0.012 and 
for rotor mean lift coefficient values from 
0.24 to 0.72. Application as a means of 
comparing the performance capabilities 
of various helicopter propulsion systems is 
described 

Ejector Cooling for Helicopters. Ste- 
phen duPont. AHS J., Oct., 1956, pp. 
27-31. Discussion of development and 
advantages of ejector cooling, in terms of 
helicopter performance gains and the 
elimination of maintenance and power loss, 
as compared with the use of fans. 

Graphical Design of Blade Screws. N. 
de Transehe. Am. Helicopter, Sept., 
1956, pp. 6-9, 14. Two basic charts, of 
four quadrants each, treating the problem 
of the hovering helicopter. These charts 
illustrate how the method of correlating 
graphically the variables derived from the 
application of the momentum theorem with 
those derived from the application of air- 
flow theory is used for solving the physical 
relationships among the important design 
variables of lifting airscrews. 

An Expression for Rotor Blade Section 
Loading Including Reversed Flow Effects. 
Fred E. Bradley. AHS J., Oct, 1956, 
pp. 32, 33. Derivation of an equation 
which is “closed”’ with respect to azimuth 
and is one step more generalized than 
those of Leone and Wheatley. 

A Theoretical Estimate of the Effects of 
Compressibility on the Performance of a 
Helicopter Rotor in Various Flight Condi- 


tions. Alfred Gessow and Almer D. 
Crim. U.S... NACA TN 3798, Oct., 
1956. 33 pp. Analysis using numerical 


methods for the effects of compressibility 
arising from high-tip-speed operation on 
flapping, thrust, and power of a helicopter 
rotor over a wide range of forward flight 
conditions. 

Equations and Procedures for Numeri- 
cally Calculating the Aerodynamic Charac- 
teristics of Lifting Rotors. Alfred Ges- 
sow. U.S., NACA TN 3747, Oct., 1956. 
21 pp. 


Safety 


A Statistical Guide for Accident Re- 
search, Illustrated by Application to 


Non-Air-Carrier Flying, 1949-51. Ache- 
son J. Duncan. Operations Res., Feb., 
1955, pp. 77-90. 18 refs. Reprint. 


Fire Hazards in Fuels. E. A. Smith. 
Aeronautics, Nov., 1956, pp. 40, 41. Dis- 
cussion of basic facts of fuel inflamma- 
bility. 

A Study of Magnesium Fire Extinguish- 
ing Agents. L. M. Greenstein and S. I. 
Richman. USAF WAD€ TR _ 55-170 


(OTS PB 121375, $3.75), May, 1955. 
138 pp. 51 refs. Development of quan- 
titative fire tests for evaluating extin- 
guishing agents for magnesium fires by 
measuring efficiency in terms of the time 
of extinguishment, the quantity of agent 
required, and the quantity of unconsumed 
magnesium left at the end of the test. 
Includes tests to determine the cooling 
efficiency and reignition-prevention prop- 
erties of the agents 


Space Travel 
Air for the Space Ship. R. P. Haviland. 


J. Astronautics, Summer, 1956, pp. 31, 32, 
48. Discussion considering various inert 
gases as possible substitutes for nitrogen 
in the air system for space ships. 

Interplanetary Communications. J. A. 
Webb. J. Astronautics, Summer, 1956, 
pp. 29, 30, 36. Analysis of the problems 
of earth-to-space communication by means 
of electronics throughout the normal 
ranges experienced within the solar sys- 
tem. 

Perturbations of a Satellite’s Orbit Due 
to the Earth’s Oblateness. Leon Blitzer, 
Morris Weisfeld, and Albert D. Wheelon. 
J. Appl. Phys., Oct., 1956, pp. 1,141 
1,149. Theoretical investigation, neglect 
ing atmospheric deceleration, of the free 
flight motion of a satellite around a spheri 
cal earth, and extension of the analysis 
to take into account the earth’s oblate- 
ness, represented by an additional quadru 
pole field 


Structures 


Structural Frontiers. 
G-E Tech. Forum on Guided Missiles, 
May 9, 1956, Paper. 5 pp. Discussion 
of the design problems encountered in at 
tempting to deal with the thermal barrier 
and other environmental 
space at hypersonic speeds. 

A Note on the Decomposition of Stress 
and Strain Tensors. Bernard Budiansky 
and Carl E. Pearson. Quart. Appl. 
Math., Oct., 1956, pp. 327, 328 


Samuel Levy. 


obstacles in 


Physical Interpretation of Physical 
Components of Stress and Strain. Daniel 
Frederick. Quart. Appl. Math., Oct., 


1956, pp. 323-327. Analysis for relating 
the tensor form of stress-strain equations 
to a direct physical interpretation of the 
physical components. 

Elastic-Plastic Torsion of Circular Ring 


Sectors. W. Freiberger. Quart. Appl. 
Math., Oct., 1956, pp. 259-265. Solution 


to the problem of uniform torsion of ring 
sectors with circular cross section, under 
the assumption of perfect plasticity. 
The elastic-plastic case is solved by a 
semi-inverse method. 

O Kontaktnykh Napriazheniiakh na 
Konture Stenki. V. V. Sokolovskii. 
Prikl. Mat. i Mekh., Sept.-Oct., 1956, pp. 
588-598. In Russian. Investigation of 
the plane boundary equilibrium of connect- 
ing media, bounded by a curvilinear wall, 
which is accompanied by a certain fracture 
curve 

Sulla Torsione di Prismi a Sezione Len- 


ticolare. Ettore Funaioli. L’Aerotecnica 
(Rome), Aug., 1956, pp. 265-269. In 
Italian. Analysis of a prism with a len- 


ticular section using the tension function 


JANUARY, 


7 


along the meanline and the axis of sym- 
metry of the lenticular section. An 
analogy is made to the calculation of air- 
foils for high-speed aircraft. 

Asupra Torsiunii Barelor de Sectiune 
Circulara cu Crestaturi. T. Oroveanu, 
Stud. Cerc. Mec. Metal., No. 1-2, 1954, 
Reprint. 7 pp. In Rumanian. Study 
of the problem of torsion in notched bars 
of circular cross section. 

O Kruchenii Kruglogo Brusa s Treshchi- 
noi po Duge Okruzhnosti ili po Radiusu, 
E. A. Shiriaev. Prikl. Mat. i Mekh., 
July-Aug., 1956, pp. 555-558. In Rus- 
sian. Investigation of the problem of 
twisting of uniform circular beams having 
a slit along the circumferential curve or 
along the radius. 


The Brittle Fracture Problem, 1943- 
1956. C. F. Tipper. Brit. Welding J., 
Oct., 1956, pp. 485-439. 26 refs 


Les Nids d’Abeille en Alliage Léger et 
Leur Application 4 la Construction Sand- 


wich. G. Bruner and G. Montantéme 
Docaéro, Mar., 1956, pp. 39-56. In 
Frenck. Discussion of methods of fab- 


rication, control, physical properties such 
as density and strength, preparation for 
glueing, and construction of components 
from the honeycomb material. Typical 
structures include an air brake (flap) and 
a leading edge for the Vautour jet attack 
aircraft. 


Cylinders & Shells 


Note on the Equations of Shallow Elas- 
tic Shells. P.M. Naghdi. Quart. Appl 
Math., Oct., 1956, pp. 331-333. Deriva- 
tion of a system of differential equations 
for thin shallow elastic shells of uniform 
thickness with small displacements, in- 
cluding the effect of transverse shear defor- 
mation. 

Torsional Stiffness of Thin-Walled 
Shells Having Reinforcing Cores and Rec- 
tangular, Triangular, or Diamond Cross 
Section. Harvey G. McComb, Jr. U.S., 
NACA TN 3749, Oct., 1956. 35 pp. 

Comment on the Reliability of the 
Strength of Stiffened Cylinders in Bending 
and/or Compression. Bertram Klein. 
J. Aero. Sci., Dec., 1956, pp. 1,126. 1,127. 

Axial Compression Buckling of a Pres- 
surized Cylinder with a Thermally In- 
duced Ring Compression. Leonard A. 
Harris. J. Aero. Sci., Dec., 1956, pp 
1,120, 1,121. Experimental investigation 
in which a circumferential line load is in- 
duced at the mid-height of the cvlinder 
by refrigerating the ring and heating the 
skin. The applied load is the uniform 
axial compression. 

Section Factors for Rectangular and 
Elliptical Tubes. B. Saelman. Mach. 
Des., Oct. 18, 1956, pp. 139-141 

O Nekotorykh Priamykh Metodakh v 
Nelineinoi Teorii Pologikh Obolochek. 


I. I. Vorovich. Prikl. Mat. i Mekh., July- 
Aug., 1956, pp. 450-474. 20 refs. In 
Russian. Study of some direct methods 


in the theory of nonlinear slanted shells 

Odna Kontaktnaia Zadacha Tsilindri- 
cheskikh Obolochek. I. S. Maliutin 
Prikl. Mat. i Mekh., Sept.-Oct., 1956, pp. 
665, 666. In Russian. Study of the 
problem of contact pressure between two 
concentric cylinders. 

A Power Series Solution of the Non- 
linear Equations for Axi-Symmetrical 
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Bending of Shallow 
Roger M. Simons. J. Math. & Phys., 
July, 1956, pp. 164-176. Analysis con- 
sidering a simply supported and a clamped 
edge in order to determine the stresses and 
deformations of thin, shallow segments of 


Spherical Shells. 


spherical shells subjected to uniform 
normal pressure. 
Vliianie Vnutrennego Davleniia na 


Kriticheskie Napriazheniia Sdviga Bes- 
konechno Dlinnoi Tsilindricheskoi Obo- 
lochki. L. A. Shapovalov. Prikl. Mat 
i Mekh., Sept.-Oct., 1956, pp. 669-671. 
In Russian. The generalization of Timo- 
shenko’s problem of the buckling of in- 
finite cylindrical shells is analyzed for the 
case of rigidity when subjected to combined 
torsion and inner pressure. The solution 
is presented in closed form. 


Elasticity & Plasticity 


On the Solution of Problems of Dy- 
namic Plane Elasticity. J. R. M. Radok. 
Quart. Appl. Math., Oct., 1956, pp. 289 
298. Application of complex variable 
methods to the dynamic equations of the 
plane theory of elasticity. 

On Variational Principles and Galer- 
kin’s Procedure for Non-Linear Elasticity. 
Bernard Budiansky and Carl E. Pearson 
Quart. Appl. Math., Oct., 1956, pp. 328 
331. 

Fatigue des Structures d’Avions. I 
Théorie Phénoménologique de la Fatigue. 
W. Barrois. Decaéro, May, 1956, pp. 15 
28. 35 refs. In French. Investigation 
of the basic phenomena of plastic deforma- 
tions and of governing laws. Included 
are: the Bauschinger effect, the Cottrel 
effect, the mechanism of structural defor- 
mations, and the influence of such metal- 
lurgical factors as the grain size and im- 
purities. 

Vector Fields Associated with Plane 
Plasticity. D. R. Bland. Quart. Appl. 
Math., Oct., 1956, pp. 321-323.  Deriva- 
tion of transformation equations between 
stress and vectors, and five example prob- 
lems. 


Plates 


The Bending of a Work-Hardening 
Circular Plate by a Uniform Transverse 
Load. William E. Boyce. Quart. Appl 
Math., Oct., 1956, pp. 277-288. Analysis 
using a segment-wise linear yield condi- 
tion and the associated flow rules in order 
to avoid the unsound features of total 
stress-strain laws while retaining most of 
the mathematical simplicity. 

Bending of an Elastically Restrained 
Circular Plate Under a Linearly Varying 
Load Over an Eccentric Circle. W. A 
Bassali. Proc. Cambridge Philos. Soc., 
Oct., 1956, pp. 734-741. 10 refs. 

Transverse Bending of a Thin Circular 
Plate Loaded Normally Over an Eccentric 
Circle. W. A. Bassali. Proc. Cambridge 
Philos. Soc., Oct., 1956, pp. 742-749 
15 refs. 

The Compressive Buckling of a Clamped 
Parallelogram Plate with a Longitudinal 
Stiffener Along the Centre-Line. J. Guest. 
Australian J. Appl. Sci., Sept., 1956, pp. 
191-198. Theoretical investigation using 
Galerkin’s method to obtain the com- 
pressive buckling in the line of the applied 
stress and a slight modification of Iguchi’s 
functions for the deflection of the plate. 


ENGINEERING REVIEW 


Thermal Stress 


Thermal Problems in Aircraft Struc- 
tures. N. J. Hoff. NATO AGARD 
Rep. 2, June, 1956. 27 pp. 19 refs. 
Survey of the problems in structural de- 
sign and analysis of aircraft when high 
supersonic speeds cause elevated tempera- 
tures in the structure. Experimental 
methods and equipment used presently by 
various organizations in the 
United States are described. 

Influence of Aerodynamic Heating on 
the Effective Torsional Stiffness of Thin 


research 


Wings. Bernard Budiansky and J. May- 
ers. (IAS 24th Annual Meeting, New 
York, Jan. 23-26, 1956, lreprint 579.) 
J. Aerea. Sci., Dec., 1956, pp. 1,081-1,108 


Validity of Time-Compensated Tem- 
perature Parameters for Correlating Creep 
and Creep-Rupture Data. F. Garofalo, 
G. V. Smith, and B. W. Royle. (ASME 
Diamond Jubilee Annual Mecting, Chicago, 
Nov. 13-18, 1955 Trans. ASME, Oct., 
1956, pp. 1,423-1,434. 10 refs. Analysis 
of three different time-compensated tem- 
perature parameters used in correlating 
creep-rupture results. It1s shown that the 
existence of a single-valued time tempera- 
ture function or the existence of a master 
curve relating rupture stress to these pa- 
rameters is doubtful. 

A Study of the Applicability of Rabot- 
nov’s Creep Parameter for Aluminum 


Alloy. Fred H. Turner and Kurt E 
Blomquist. J. Aere. Sci., Dec., 1956, 
pp. 1,121, 1,122. Method in which a 


family of isochronic creep curves is trans- 
formed into a single master curve using a 
suitable parameter. 

Thermal Buckling. Frederick V. Pohle 
and Irwin Berman. USAF WADC TN 
56-270, May, 1956. 32 pp. 14 refs 
Analysis of thermal buckling in order to 
evaluate several methods for determining 
a characteristic parameter which occurs 
in a linear differential 
equation with homogeneous boundary 
conditions 


homogeneous 


Thermodynamics 


An Electron Optical Method of Study- 
ing the Dynamics of Thermal Processes 
in Opaque Media. G. V. Spivak and 


N. Dombrovskaia. Soviet Physics 
Doklady, No 1956, pp. 9-11 Trans- 
lation. Description of a technique based 


on the knowledge (1) that it is possible to 
obtain contrast in an optical 
image by including magnetic inhomo 
geneities in the surface of a flat sample and 
2) that ferromagnetic materials exhibit 
a marked change of their properties at 
the Curie point 

On a Single Basic Equation in the 
Theory of Irreversible Thermodynamical 
Processes. Kiril A. Popov. Soviet Phys 
cs Doklady, No. 1, 1956, pp 50-52. 
14 refs. Translation 

The Calculation of the Thermodynamic 
Properties of Air at High Temperatures. 
Appendix I, II—Partition Functions for 
Atoms and Diatomic Molecules. Appen- 
dix IIl—Approximate Procedures for 
Calculating Partition Functions. J. G. 
Logan, Jr. Cornell Aero. Lab. Rep. 
AD 1052-A-1] (AFOSR TN 56-344), 
May, 1956. 68pp. 17 refs. Methods for 
determining the equilibrium concentra- 


electron 


JANUARY, 


tion and values for energy, enthalpy, en- 
tropy, pressure, specific heat, molecular 
weight, and the speed of sound in the tem- 
perature range of 1,000°K. to 20,000°K 
Includes complete tables of constants de- 
rived from spectroscopic data for the vari- 
ous components and corrected by using 
the latest available data 

Tables of Thermodynamic Properties 
of Air From 3000°K to 10,000°K. C.E 
Treanor and J. G. Logan, Jr. Cornell 
Aero. Lab. Rep. [AD 1052-A-2| (AFOSR 
TN 56-343), June, 1956. 29 pp. 11 refs. 

Properties of Gaseous and Liquid Mix- 
tures. Walter K. Tang. U. Wis. NRL 
Dept. Chem. TR WIS-OOR-13, Aug. 9, 
1956. 200 pp. 48 refs. Tables of pres- 
sure-volume-temperature data for binary 
mixtures of gases and liquids 

Intermolecular Forces and Equation of 
State of Gases. Taro Kihara. U. Wis 
NRL Dept. Chem. TR WIS-AF-3, Sept 
26, 1956. 45 pp. 18 refs. Investiga- 
tion using quantum mechanics of the van 
der Waals interaction between three dis- 
tant atoms. 

Bilans Potencjonalny Proceséw Fizycz- 
nych Wynikajacych z Drugiej Zasady 
Termodynamiki. Jan Szargut Arch 
Budowy Maszyn (Warsaw), No. 3, 1956, 
pp. 231-276. 23 refs. In Polish, with 
summaries in English and Russian 
Analysis of the potential balance of physi 
cal processes, based on the second law of 
thermodynamics, to derive equations for 
the general case and for the energetic 
potentials of (a) a jet of the working fluid 
intersecting an immovable diathermic en- 
velope, (b) the working fluid in the con- 
tainer, and (c) a jet intersecting a movable 
diathermic envelope. 

Tables of Thermodynamic Properties of 
Argon-Free Air to 15,000°K. Joseph Hil 
senrath and Charles W. Beckett. USAF 
AEDC TN 56-12, Sept., 1956. 45 pp 
15 refs. Tabulation of thermodynamic 
properties for equilibrium mixtures of dis 
sociated and ionized molecules and atoms 
of the elements nitrogen and oxygen 

Thermal Lags in Flowing Iacompres- 
sible Fluid Systems Containing Heat 
Capacitors. J. W. Rizika. Trans. AS- 
ME, Oct., 1956, 1,407-1,413. Analysis 
of transient conditions due to thermal 
lag in flowing incompressible fluid sys 
tems.: The cases of an incompressible 
fluid with a step-function temperature in- 
put flowing through a pipe and of an in- 
compressible fluid flowing in a simple heat 
exchanger are examined in detail 


Combustion 


Selected Combustion Problems, II: 
Transport Phenomena, Ignition, Altitude 
Behaviour and Scaling of Aeroengines. 
Combustion Colloquium, Liége, Belgium, 
Dec 5-9, 1955. NATO, Advisory 
Group for Aeronautical Research and 
Development (AGARD). London, But- 
terworths Scientific Publications; New 
York, Interscience Publishers, Inc., 1956 
495 pp. 1,022 refs. 90s. $12.50. Con- 
tents: Les Performances des Moteurs d’A- 
vions, A. Capette. Fuels for Turbojet 
Powered Aircraft, R. R. Hibbard and H. 
C. Barnett. Fundamental Principles of 
Flammability and Ignition, B. Lewis and 
G. von Elbe. The Ignition of Flowing 
Gases, L. D. Wigg. Inflammation et 
Allumage dans les Moteurs-Fusées 4 
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"SAF 
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\ guess | 

No | 
Yes | will - 


Some people wer. 


BUT THEY SHOULD! Take you, for instance. You like 
your job—you like the boss—chances are you even like 
your neighbors. It hasn’t occurred to you to answer a 
recruitment ad for a long, long time—and that makes you 
just the man who ought to answer this one. 

You’re the man we’d like to tell about working at the 
Southern California Cooperative Wind Tunnel, and about 
living in Pasadena. We think you’ll find a good many 
advantages to both—a good many things you'd like to 
consider. 

No resumes to send—nothing you need do but mail the 
coupon below for the CWT story. The longer it’s been 
since you answered an ad, the more we think you’re the 
man who should answer this one. 


Operated by the California Institute 
of Technology. Owned by Convair, 


Douglas, Lockheed, McDonnell and 
North American. 

CWT is concerned with testing, 

) analysing and solving aerodynamic 

problems involved in the develop- 


ment of high-speed aircraft and 
guided missiles. 


Southern California Cooperative Wind Tunnel 
952 South Raymond, Pasadena, California 


GENTLEMEN: Please send me literature about the Wind Tunnel. 
NAME 
HOME ADDRESS 


CITY. 


STATE 


JOB TITLE 


LAN DARY, 1957 


Propergols Liquides, M. Barrére and A 
Moutet. Thermal Ignition, with Particu- 
lar Reference to High Temperatures, R. § 
Brokaw. Fundamental Equations in 
Aerothermochemistry, Th. von Karman 
Quelques Considérations sur la Convec- 
tion de la Chaleur aux Grandes Vitesses 
et aux Températures Elevées, E. A. Brun 
Sources of Transport Coefficients and 
Correlations of Thermodynamic and Trans- 
port Data, F. Hilsenrath. Combustion en 
Altitude dans les Turbo-Reacteurs, F. 
Soissons. The Influence of Altitude Op- 
erating Conditions on Combustion Cham- 
ber Design, S. L. Bragg and F. B. Holliday, 
Combustion in the Turbojet Engine, B. 
Way. Problems of Combustion under 
Altitude Condition (Treated from Funda- 
mental Viewpoint), H. G. Wolfhard. 
Similarities in Combustion, A Review, A. 
E. Weller. Scaling of Gas Turbine Com- 
bustion Systems, D. G. Stewart. Re- 
cherche du Brileur Optimum en Ecoule- 
ment Air-Kéroséne a Grande Vitesse, B. 
Salmon and H. Vigne. Scaling of Liquid 
Fuel Rocket Combustion Chambers, C. C, 
Ross. Considerations on the Problem of 
Sealing Rocket Motors, L. Crocco 

Some Effects of Small-Scale Flow Dis- 
turbance on Nozzle-Burner Flames. Ed- 
gar L. Wong. U.S., NACA TN 3765, 
Sept., 1956. 19 pp. 14 refs. Experi- 
mental investigation using small-diameter- 
wire grids as turbulence generators in a 

2-in. nozzle burner to produce laminar- 
like propane air flames subject to flow dis- 
turbances that are small in scale compared 
to the reaction-zone thickness. A_ hot- 
wire anemometer method is also used to 
measure the flow-disturbance intensity in 
the cold flow with and without grids in 
place. 

Calculation of Reaction Rate Parameters 
from Flame Speed Data on Laminar 
Flames. I. E. Mayer and H. Carus 
ARDE Assoc., TN 4552-2 (AFOSR TN 
56-286), July, 1956. 22 pp. 20 refs. 
Calculation of the laminar flame speeds 
by numerical methods based on Arrhe- 
nius’slaw. The procedure is applied to the 
determination of the dimensionless pa- 
rameters, E and B’, for propane-air mix- 
tures treated as a second-order reaction. 

Stable Cyclonic Flames of Natural Gas 
and Air. Lyle F. Albright and Lloyd G. 
Alexander. Jet Propulsion, Oct., 1956, 
Pt. I, pp. 867-873. 18 refs. Experimen- 
tal investigation to provide a quantitative 
determination of flame characteristics. 

Fourth Quarterly Technical Status Re- 
port on Non-Stationary Combustion 
Studies Covering Period from June 15th, 
1956 to September 15th, 1956. D. Bi- 
tondo, N. Thomas, and D. Perper. ADC 
Rep. 32, Sept. 26, 1956. 12 pp. Experi- 
mental investigation using a simple trans- 
ducer, especially constructed for recording 
the passage of shock waves, to obtain 
schlieren photographs of the passage of 
the shock through, and of the ignited fuel- 
air mixtures in, the test section, which is 
also observed visually. 

Method for the Controlled Burning of 
Combustible Materials and Analysis of 
the Combustion Gases. Alan Schries- 
heim. J. Res., Oct., 1956, pp. 245-249. 
USAF-supported development of a method 
for burning a given quantity of combust- 
ible material in a fixed amount of air at a 
selected initial temperature. Analysis of 
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the gaseous combustion products is made 
by means of a mass spectrometer. 

A Preliminary Study on Shock Ignition. 
Ryuma Kawamura and Saburo Yui. J. 
Japan Soc. Aero. Eng., Sept., 1956, pp. 
7-14. Investigation of shock ignition on 
various fuel-air and fuel-oxygen mixtures 
in order to determine their critical ignition 
pressures, 

The Properties of Flames Supported by 
Chain-Branching Reactions. J. Calvin 
Giddings and Joseph O. Hirschfelder. 
U. Wis. NRL Dept. Chem. Rep. SQUID-5, 
Oct. 2, 1956. 14 pp. Numerical calcula- 
tions of flames supported by a Semenoff- 
type sequence of chain branching with 
first-order chain-breaking step reactions. 
The peculiarity of the sequence is that, 
according to the steady-state approxima- 
tion, there is an explosion point at which 
both the radical concentration and reac- 
tion rate go to infinity. 

Influence of Diborane on Flame Speed 
of Propane-Air Mixtures. Philip F. Kurz. 
Ind. & Eng. Chem., Oct., 1956, pp. 1,863- 
1,868 

Effect of Boron Compounds on Com- 
bustion Processes. E. C. Hughes, P. S. 
Fay, L. S. Szabo, and R. C. Tupa. Ind. 
& Eng. Chem., Oct., 1956, pp. 1,858-1,862. 
26 refs. Experimental investigations in- 
cluding observations of surface ignition, 
preflame reactions, scavenging, and car- 
bon-lead glow temperatures. 

Theoretical Study of the Hydrogen- 
Bromine Flame. Edwin §S. Campbell. 
U. Wis. NRL Dept. Chem. Rep. CM-887, 
Sept. 6, 1956. 29 pp. Study of hydro- 
dynamic equations for a one-dimensional 
steady-state hydrogen-bromine flame, 
undertaken as part of a theoretical attack 
upon the controversy over the relative 
importance of processes such as diffusion 
and thermal conduction. A_ simplified 
kinetic model is studied to develop nu- 
merical methods for integrating the hydro- 
gen-bromine equations. 

An Experimental Investigation on the 
Interaction Effects in the Combustion of 
Droplets. Gregorio Millan and Carlos S. 
Tarifa. Inst. Nac. Tec. Aero. Esteban 
Terradas AFOSR TR 56-38 [AD 95208], 
May, 1956. 44 pp. 22 refs. 

Recherches sur la Combustion d’un 
Mélange d’Hydrocarbures. Jean Rap- 
peneau. France, Min. de l’Air PST 318, 
1956. 90 pp. 74 refs. SDIT, 2 Av. 
Porte-d’Issy, Paris 15, Frs. 1,100. In 
French. Study of the combustion of 
kerosene in air. Includes theoretical de- 
termination of temperatures reached and 
of concentrations of products formed by 
complete combustion without dissociation. 
Classical methods of calculation are used 
for determining temperatures and concen- 
trations of mixture constituents. 


Heat Transfer 


Heat Transfer to Hagen-Poiseuille 
Flows. Knox Millsaps and Karl Pohl- 
hausen. Conf. on Differential Equations, 
U. Md., Mar. 17-19, 1955, Proc., pp. 271- 
294. 13 refs. (AFOSR TR 56-51) [AD 
110 314). (College Park, Md., U. Md. 
Book Store, 1956, $8.00. ) 

The Heat Equation and the Weierstrass 
Transform. D. V. Widder. Conf. on 
Differential Equations, U. Md., Mar. 17- 
19, 1955, Proc., pp. 227-234. (AFOSR 


AERONAUTICAL REVIEWS 


TR 56-51) [AD 110 314]. (College Park, 
Md., U. Md. Book Store, 1956, $8.00.) 

Calculation of Heat Flow in a Medium 
the Conductivity of Which Varies with 
Temperature. Richard L. Garwin. Rev. 
Sct. Instr., Oct., 1956, pp. 826-828. De- 
velopment of a theorem which shows that, 
in the general three-dimensional case of a 
medium with boundaries at two tempera- 
tures, the total heat transfer may be com- 
puted as if the medium has a conductivity 
which is just a linear average of the tem- 
perature-varying conductivity over the 
temperature interval. 


VTOL & STOL 


Exploratory Investigation of the Effec- 
tiveness of Biplane Wings with Large- 
Chord Double Slotted Flaps in Redirecting 
a Propeller Slipstream Downward for 
Vertical Take-Off. Robert H. Kirby. 
U.S., NACA TN 3800, Oct., 1956. 22 pp. 

Teoriia Nesushchego Vinta Pri Nule- 
vom Ugle Ataki. A. P. Proskuriakov. 
Prikl. Mat. i Mekh., July-Aug., 1956, pp. 
519-531. In Russian. Development of 
a theory of an airscrew at zero angle of 
attack. 

Compressibility Effect on a Shrouded 
Propeller. H. B. Helmbold. Fairchild 
Aircraft Div., Eng. Rep. R221-012, Nov., 
1955. 16 pp. Theoretical analysis of 
compressibility effects on the slipstream 
shape, on the propeller discontinuity, and 
on the static total thrust. 

Performance Diagrams for Free and 
Ducted Propellers. H. B. Helmbold. 
Fairchild Aircraft Div., Eng. Rep. R221-013, 
Mar., 1956. 34 pp. 15 refs. Deriva- 
tion of performance curves for the thrust 
coefficient of fixed, variable-pitch, and 
shrouded propellers. 


Water-Borne Aircraft 


Saunders-Roe Princess Flying Boat G- 
Alun; Air and Water Handling Tests. Ct. 
Brit., ARC CP 257 (Jan., 1955), 1956. 
50 pp. BIS, New York, $1.26. 


Wind Tunnels & Research 
Facilities 


Simulated Altitude Testing in the 
USAF Engine Test Facility. Joel Ferrell 
and Ray W. Harvey. SAE Natl. Aero. 
Meeting, Los Angeles, Oct. 2-6, 1956, Pre- 
print 832. 13 pp. 

High Altitude Missile Guidance Equip- 
ment Tested on the Ground. Paul H. 
Brandt and Stanley P. Voak. Jnd. Labs., 
Nov., 1956, pp. 116-118. Development 
of a test chamber which can produce tem- 
peratures from —112° to 250°F.; alti- 
tudes from barometer to 120,000 ft.; and 
humidities from 20 to 95 per cent. 

Hypersonic Experimentation. Yusuf 
A. Yoler. G-E Tech. Forum on Guided 
Missiles, New York, May 9, 1956, Paper. 
5 pp. Evaluation of shock tubes, shock 
tunnels, and mass accelerators with a de- 
scription of their operation and advan- 
tages. 

The Tip Correction for Wind-Tunnel 
Tests of Propellers. Theodore R. Good- 
man. J. Aero Sct., Dec., 1956, pp. 1,094- 
1,098. Low-speed, incompressible, quan- 
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titative analysis assuming a lightly loaded 
propeller consisting of a large number of 
blades, in order to derive a wall-tip correc- 
tion for the case of a full-scale propeller 
tested in a wind tunnel whose cross section 
is about the same size as the propeller disc. 

Strut Interference on an Aerofoil. J. 
Lockwood Taylor. Aircraft Eng., Oct., 
1956, p. 362. Method for the direct cal- 
culation of interference effects of struts ina 
wind tunnel. The theory is given for a 
rectangular airfoil supported by struts 
enclosed in streamlined tubular shields 
which are assumed to be of constant sec- 
tion. 

Propulsion Wind Tunnel at NACA 
Lewis Laboratory. E. W. Wasielewski. 
(ASME Semi-Annual Meeting, Cleveland, 
June 17-21, 1956, Paper.) Mech. Eng., 
Nov., 1956, pp. 1,007-1,012. Abridged. 
Description of a 10 X 10 ft. tunnel cover- 
ing a Mach Number range from 2.0-3.5, 
with emphasis on the methods of design 
and probiems encountered. 

Wind-Tunnel Research at Warton. 
The Aeroplane, Sept. 21, 1956, pp. 458- 
460. Description of two high-speed in- 
termittent-type tunnels and of research 
techniques used. 

The Use of an Araldite Coated Iron 
Casting as a Liner for a Supersonic Wind 
Tunnel. C. S. Brown and K. G. Winter. 
Gt. Brit, RAE TN Aero.2443, May, 
1956. 9 pp. 

On the Production of Chemicals and 
Carbon Formation in the Shock Tube. 
F. Harshbarger. CIT Guggenheim Jet 
Propulsion Cen., |A F 18(603) TR 4], Aug., 
1956. 102 pp. 16 refs. Evaluation of 
attempts to produce hydrazine from am- 
monia-oxygen mixtures in a shock tube 
Results relating the mechanism of carbon 
formation from acetylene are also in- 
cluded. 

Synthesis of Gas Flow Control Systems. 
IV. G. V. Schwent, W. K. McGregor, 
and D. W. Russell. ISA J., Oct., 1956, 
pp. 426-429. Method of synthesizing a 
gas-flow system which assures the best pos- 
sible response for a variable condition gas- 
flow process where two major time con- 
stant changes are associated with the final 
control element and the process. 

Geometrical Optics of Angular Strati- 
fied Media. R. Sedney. Quart. Appl. 
Math., Oct., 1956, pp. 225-230. Analysis 
of angular stratified media in which the 
index of refraction is a function of the polar 
angle with respect to some line. The two- 
and three-dimensional cases are considered, 
but it is shown that in both cases the inte- 
gration could not be reduced to a quadra- 
ture. 

Experimental Hyperballistics. H. H. 
Kurzweg and R. E. Wilson. (JAS Natl. 
Summer Meeting, Los Angeles, June 18-21, 
1956.) Aero. Eng. Rev., Dec., 1956, pp. 
32-38. Discussion of the problems in 
model testing at hypersonic speeds sum- 
marizing the highlights of various experi- 
mental approaches which have contributed 
to the understanding of hypersonic phe- 
nomena. 

Inspection Techniques Applied to the 
Metrology of Aerodynamic Models. H. 
T. Hill. Gt. Brit, RAE TN A.D.W.1, 
Jan., 1956. 22 pp. Details of present 
methods and recommendations for their 
improvement with regard to speed and 
accuracy. 
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ENGINEERS - SCIENTISTS 


RECENT 


BREAKTHROUGHS IN SUPERSONIC AND 


HYPERSONIC KNOWLEDGE AND TECHNOLOGY— 


BASIS OF MAJOR RESEARCH AND DEVELOPMENT 


ACCELERATION AT REPUBLIC AVIATION 


Alexander Kartveli, Vice President in Charge of Research and Development, 
Invites the Inquiries of High Calibre Engineers and Scientists 


Recent discoveries justify a large scale, 
long range integrated attack on all the com- 
plex, interrelated aspects of passage through 
the upper atmosphere, in the opinion of 
Alexander Kartveli, creator of Republic’s 
famous family of Thunder-Craft.* 


Republic’s R & D activities are now being 
materially augmented and accelerated to 
speed the exploration of this new knowl- 
edge and technology. The broad areas under 
study are: 


¢ Hypersonic and Satellite Weapons Systems. 


*Each Thunder-Craft in turn has rep- 


resented a significant advance in air- 
craft design, Latest member of this 
famous family is the incredible F-105 
Thunderchief, most advanced USAF 
fighter-bomber — supersonic and nu- 
Clear-weapons Carrying. 


your 


technical 
Engineering 


Mr. David G. Reid 


¢ Advanced Propulsion Systems. 

¢ Nuclear Energy Applications to Aircraft. 

¢ Capabilities of Materials in Hypersonic and 
Nuclear Environments. 

¢ Electronic systems development to exploit 
the full potential of the most radical con- 
cepts of flight. 

The quality of the opportunities for cre- 

atively unhampered professional men with 

specialized experience in many fields is 

evident. Republic welcomes your inquiries 

regarding positions in any one of the areas 

outlined : 


Please send complete resume of 


background’ to 


Personnel Manager, 


Positions Open At All Levels 


NUCLEONICS | | 
| 


! 

| 

| 

ELECTRONICS 
| SERVOMECHANISMS 

PROPULSION | 
STRUCTURES | 
FLUTTER & VIBRATION 

| DYNAMICS 

! AERODYNAMICS 

THERMODYNAMICS 

| FIRE CONTROL SYSTEMS 

| FLIGHT CONTROL SYSTEM 

INERTIAL NAVIGATION 

INFRA-RED 

| OPERATIONAL ANALYSIS OF 

| WEAPONS SYSTEMS 

AIRFRAME AND SYSTEMS DESIGN 

| MATERIALS 


FARMINGDALE, LONG ISLAND. NEW YORK 
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Aeronautical Reviews 


AERODYNAMICS 


Viscous Flow Theory; Vol. 1, Laminar Flow. 
Shih-I Pai Princeton, N.J., D. Van Nostrand 
Company, Inc., 1956. 384 pp., diagrs. $7.75 

The theory of ideal fluids as explained by classi 
cal hydrodynamics breaks down when applied 
to real fluids which are affected by compressi 
bility and viscosity. The importance of this 
phenomenon to aerodynamicists can hardly be 
overstated, and as a result the study of the lam 
inar flow of viscous compressible fluids has as 
sumed critical significance in its application to 
engineering problems, particularly the concepts 
concerning the boundary-layer flow and its con 
sequences on skin friction, heat transfer, etc 
In this study, which will be followed by a second 
part devoted to turbulent flow, Professor Pai dis 
cusses the physical properties of gases and the 
fundamental equations for the fluid dynamics of 
viscous compressible fluids. It is pointed out 
that, owing to their nonlinearity, these equations 
are not readily solvable except for a small number 
of special cases; hence certain assumptions must 
be made about the state of the fluid, and only 
simple configurations of the flow pattern can be 
considered. The mathematical properties of the 
Navier Stokes equations of incompressible fluids 
are explained as a method of finding the solutions 
to these equations within certain limits —the 
theory of very slow motion on the one hand and 
boundary-layer flow on the other. The chapters 
on boundary layer are concerned with two-di 
mensional steady flow, axially symmetrical and 
three-dimensional steady boundary-layer flow, 
the unsteady flow of a boundary layer, the sta 
bility of boundary-layer flow, the prevention of 
separation, and boundary layers with suction 
The volume closes with a brief review of the linear 
ized theory of viscous fluid which gives useful re 
sults for shock-wave and boundary-layer interac 
tion and jet mixing problems. 

The author is Research Professor, Institute for 
Fluid Dynamics and Applied Mathematics, Uni 
versity of Maryland He does not presume to 
provide an exhaustive account of all modern ad 
vances in the fluid dynamics of viscous compres 
sible fluids, but rather only to present and sum 
marize methods and development of special in 
terest to engineers, particularly aerodynamicists 
He desires that this book may serve as an intro 
duction to the fluid dynamics of viscous compres 
sible fluids for advanced students in aerodynamics 
and also as a useful reference to research workers 
in this field 


AERONAUTICS, GENERAL 


SAE Transactions, Vol. 64, 1956. New York, 
SAE, 1956. 820 pp., illus., diagrs., tables. $10 

Partial Contents: Application of Metallic Mate 
tials for Aircraft Structures in the Temperature 
Range 600 to 1100°F, James W. Huffman 
High-Temperature Problems Associated with the 
Use of Rubber in Aircraft, Frederick E. Clark 
Fatigue and Its Relation to the Mechanical and 
Metallurgical Properties of Metals, George R 
Cohn. Steels and Protective Treatments for 
Use up to 1000°F, H. J. Noble and W. S. Sharp 
Some Experiments in the Application of Bound 


ary-Layer Control, Joseph Flatt Wing-Lift 
Augmentation Methods for the Improvement of 
Low-Speed Performance of High-Speed Aircraft, 
John S. Attinello. The Selection of Metals for 
Airframe Components as Affected by Operation 
at Elevated Temperatures up to 600°F., M 
Tiktinsky. The Supercharged Turboprop, S. G 
Hooker. A Jet Exhaust Silencer, J. M. Tyler 
and G. B. Towle. How High Should We Fly, 
Schuyler Kleinhans. Shaft Gas Turbines and 
Helicopters, W. S. Miller, Jr., R. P. Drebs, and 
T. C. Blaschke. Application of High-Tempera 
ture Materials to Aircraft Powerplants in the 
Temperature Range 1200-2400°F, Alan V. Levy 
Fatigue and Fail-Safe Airframe Design, J. F 
McBrearty Human Problems in Jet Air Trans 
portation, Ross A. McFarland. A New Ap 
proach to Turbojet and Ramjet Engine Control, 
Wendell E. Reed. Principles and Application of 
Bypass Turbojet Engines, George F. Wislicenus 
Some Elevated Temperature Structural Problems 
of High-Speed Aircraft, Richard R. Heldenfels 
NACA Investigation of Thrust-Reversal Tech 
niques, John H. Povolny and Jack G. McArdle 
Flight Research at High Altitudes and High 
Speeds with Rocket-Propelled Research Air 
planes, Walter C. Williams 


AIR TRANSPORTATION 


Proceedings of the 3rd National Turbiae- 
Powered Air Transportation Meeting, San Diego, 
August 15-17, 1956... Sponsored by the IAS in 
cooperation with the San Diego Section of the 
IAS. New York, Institute of the Aeronautical 
Sciences, Inc., 1956 114 pp., illus., diagrs 
IAS Members, $3.50; Nonmembers, $6.00 

Contents: Dinner Address, Brooke E. Allen 
Luncheon Speech, Peter G. Masefield Intro 
duction of Turbine Transports into Service, M. L 
Pennell. The Scope of Introduction of the DC-8 
into Airlines Operations, Ivar L. Shogran 
Stepping up to the Turboprop, M. C. Haddon 
Introducing the Convair 880 into Airline Service, 
J. H. Famme. Turbo-Prop and Jet Planning, 
Marvin Whitlock Preparing for Jet Transports, 
John G. Borger, presented by William Del Valle 
Planning for Jet Transport Operation, W. C 
Mentzer. The Problem of Community Reaction 
to Jet Aircraft Noise, Paul N. Borsky. On the 
Problem of Structural Failure Due to Jets, Alan 
Powell. Effects of Aircraft Noise on Airport 
Planning, Kenneth N. Stevens and Leo L 
Beranek Flight Test Experience in Develop 


For information on IAS 
Library Services, 
see page 83 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


— BOOKS 
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ment of a Commercial Jet Transport, A. M 
“Tex’’ Johnston. Turbine Experience in Trans 
port Aircraft, J. B. Franklin 
Operational Aspects of Turbine Transport Plan 


Certification and 


ning, Charles J. Lowen Translating Operating 
Experience into Design of Commercial Transport 
Engines, Neil Burgess and R. L. Carter. Some 
Considerations on the Financing of the Air Trans 
port Industry in the Jet Era, Walter M. Sharp 
Future Technical Trends in Air Transportation, 
G F. Worley. Impacts and Issues of Air Trans 
port, Harmer E. Davis and Robert Horonjeff 


CHEMICAL ENGINEERING 


Chemical Engineering Practice. Vol. 1, Gen- 
eral; Vol. 2, Solid State. Herbert W. Cremer, 
General Editor; Trefor Davies, Managing Editor 
London, Butterworths Scientific Publications; 
New York, Academic Press Inc., 1956. Vol. 1, 
194 pp., diagrs., tables. Vol. 2, 632 pp., illus., 
diagrs., tables $17.50 per vol.; subscription 
price $13.30 per vol. on orders for the complete 
12-vol. set 

These volumes are the first two of a series of 
twelve explaining the transition of a manufactur 
ing process for the laboratory method of prepara 
tion into full-scale commercial factory production 
Intended for the pure and applied scientist, as 
well as the administrator in the field, consider 
able attention has been devoted to the more 
purely scientific aspects of the subject, which are 
dealt with in succeeding volumes Throughout 
the whole series, a clear distinction is made be 
tween chemical engineering and chemical tech 
nology. The preparation of the reader for the 
material presented is assumed to include the B.S 
in pure or applied physical sciences, with sufficient 
mathematical knowledge to enable him to follow 
the modern treatment of the subjects. Volumes 
1 and 2 consist of a series of articles with bibliog 
raphies on different aspects of the program. The 
authors comprise representatives of teaching insti 
tutions, government departments, research organi 
zations, chemical and plant manufacturers, and 
engineering consultants Mr. Cremer, General 
Editor of the series, is Consulting Chemical En 
gineer, Cremer and Brearley, London 

Contents: Vol. 1 
Chemical Engineering 


Preface, The Origins of 
The Chemical Engineer 
Economics of Production as Exemplified in Proc 
ess Industries. Investigation and Development 
of an Industrial Process (Preparation of Materials 
Balances, Energy Balances) Pilot Plants and 
Semi-Commercial Units. The Preparation of 
Flow Diagrams for Full-Scale Production 
Units, Dimensions and Calculations Vol... 2. 
Fundamental Concepts of Matter in the Solid 
State, M. J. P. Musgrave Metals and Metallic 
Alloys: Significance of Mechanical Properties 
and Their Measurement, P. G. Forrest and 
M. J. P. Musgrave; Alloy Equilibrium Diagrams 
R. N. Parkins; The Range of Steels, J. D. Gil 
christ; Fatigue in Metals, P. G. Forrest; Creep 
in Metals, P. G. Forrest. Mechanical and 
Physical Properties of Plastics and Glasses, H 
T. Hookway. Corrosion of Metals, F. Worm 
well and E. Ll. Evans. Porous Masses, P 
Eisenklam 
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AERONAUTICAL ENGINEERING REVIEW—JANUARY, 1957 


MECHANICAL 
ENGINEERS 


Continually expanding programs at Northrop Air- 
craft are creating new opportunities for mechani- 
cal engineers in the following areas: launching 
and landing gear design, hydraulics and pneu- 
matics, control systems, and equipment. 

You'll enjoy the fine spirit of cooperation at 
Northrop. The new multi-million-dollar engineer- 
ing and science center, now nearing completion, 
will be a great place to work in, both as to its 
modern architectural design and newest scientific 
installations. You'll be associated with a top engi- 
neering team on such notable projects as North- 
rop’s new supersonic trainer airplane, Snark 
SM-62 intercontinental missile, and other ad- 
vanced aircraft and missile programs. 

You'll be given constantly fresh, challenging 
assignments. Remuneration will be substantial, 
with many benefits that are unexcelled in the en- 
tire industry—health and life insurance, college 
educational reimbursement plan, regular vaca- 
tions plus extra year-end vacations with pay, and 
a generous retirement plan. 

At Northrop, the progress of personne! is im- 
portant. Initiative and ability are recognized and 
encouraged, and full opportunity is given to pres- 
ent and discuss ideas. 

You will find the career opportunity you are 
seeking at Northrop, pioneer in the design and 
production of all weather and pilotless aircraft. If 
you qualify for one of these attractive positions, 
contact the Manager of Engineering Industrial 
Relations, Northrop Aircraft, Inc., ORegon 8-9111, 
Extension 1893, or write to: 1015 East Broadway, 
Department 4600- Q, Hawthorne, California. 


NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental Missiles 


5-A-86 


ucts for Filtration and Related Uses, E. B shop 
and G. M. Collins. Powder Metallurgy, I. Jen. 
kins. Important Industrial Uses of Porous 
Masses, G. U. Hopton, H. G. Crone, and F. RB, 
Bruce. Transpiration Cooling, P. Eisenklam, 
P. Grootenhuis, and H. Ziebland 


DIRECTORIES 


Airport and Business Flying Directory, 1957, 
24th Edition. New York, Aviation Week, Me. 
Graw-Hill Book Company, Inc., 1956 274 pp., 
illus., diagrs., maps. $4.00 

The main body of this directory lists over 6,000 
airports, arranged alphabetically by state, and 
then alphabetically by city within the state. 
Added features include a list of international 
civil aircraft markings; an international aviation 
vocabulary in English, French, Spanish, and 
Portuguese; aeronautical facility identifications; 
U.S. Weather Bureau offices; and directories of 
United States personal and business aircraft 


manufacturers and municipal aviation officials 


EDUCATION 


Encouraging Scientific Talent; A Study of 
America’s Able Students Who are Lost to College 
and of Ways of Attracting Them to College and 
Science Careers. Charles C. Cole, Jr. New 
York, College Entrance Examination Board 
1956. 259 pp. $3.50. Distributed by Educa- 
tional Testing Service, P.O. Box 529, Princeton, 
N.J., or P.O. Box 27896, Los Angeles 27, Calif 


ELECTRONICS 


Photoconductivity Conference; Held at At- 
lantic City, November 4-6, 1954 Editorial 
Committee: R.G. Breckenridge, B. R. Russell, 
and E. E. Hahn. Sponsored by University of 
Pennsylvania, Radio Corporation of America, 
and Office of Naval Research New York, John 
Wiley & Sons, Inc., 1956. 653 pp., diagrs 
$13.50 

This comprehensive volume explores the avail- 
able information on photoconductivity It uni- 
fies the material in the literature and covers most 
phases of the subject in sufficient detail to serve 
as an introduction to the field, as well as a mono- 
graph for advanced workers. It includes 30 
papers by 45 authorities on solid-state physics 
These papers include basic theory, phenomeno- 
logical theory, the photon absorption process, 
electron processes, interpretation of photocon- 
duction phenomena, and the most recent data on 
the properties of important photoconducting 
materials. R. G. Breckenridge is Director, 
National Carbon Company Research Laborato- 
ries, and B. R. Russell is Associate Professor of 
Physics at The College of Wooster; the late E. E 
Hahn was formerly associated with the RCA 
Laboratories, where he operated the Cryogenic 
Laboratory for the study of infrared photocon- 
ductors 

Suggestions for Designers of Electronic Equip- 
ment, 1956 Edition. San Diego, U.S. Navy 
Electronics Laboratory, 1956. 41 pp. 

A handy booklet intended to help electronic 
equipment manufacturers produce simpler, more 
economical, and more reliable electronic equip- 
ment for the Bureau of Ships. The suggestions 
apply generally to all types of military electronics 
equipment 

The Oscilloscope at Work. A. Haas and R. W 
Hallows. London, [Iliffe & Sons, Ltd.; New 
York, Philosophical Library, 1956. 171 pp. 
illus., diagrs. $10. 

This text, brought into accordance with the 
theory and the technique accepted in Britain, 1s 
an adaptation and enlargement of a French work 
published in 1954. It is a practical guide to the 
diverse uses in many branches of electronics of 
the cathode-ray oscilloscope, with concentration 
upon its use in radio and television receivers 


Mr. Hallows, who has done the adaptation 
known as a writer of technical books on electron 
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FUELS & LUBRICANTS 


Methods for Reducing the Effect of Barometric 
Pressure in Measurement of Octane Number. 
Bruno R. Siegel. (ASTM Special Technical 
Publication No. 186.) Philadelphia, American 
Society for Testing Materials, 1956. 28 pp., 
tables. $1.50 

Includes tables of empirically determined op- 
erating conditions that will lead to substantially 
the same octane number when operated at any 
atmospheric pressure between 21.0 and 30.5 in 
of mercury absolute. 


INSTRUMENTS 


Application of Spring Strips to Instrument De- 
sign. Gt. Brit., National Physical Laboratory, 
Department of Scientific and Industrial Re- 
search Notes on Applied Science, No. 15.) 
London, H.M.S.O.; New York, British Informa- 
tion Services, 1956. 25 pp., illus., diagrs. 2s. 
$0.36 


MATERIALS 


Chromium; Vol. 2, Metallurgy of Chromium 
and its Alloys. Marvin J. Udy, Editor. (Ameri 
can Chemical Society Monograph Series.) New 
York, Reinhold Publishing Corporation, 1956. 
402 pp., illus., figs., tables. $11. 

Volume 1 was reviewed in the October, 1956, 
issue of the Review. Volume 2 completes the 
set. Both volumes will be of value to organic, 
inorganic, and analytical chemists concerned 
with the use of chromium chemicals (as c talysts, 
in organic oxidations, wood preservation, corro 
sion prevention) and their analysis in chemicals. 
alloys, ores, waste products, etc.; to chemical 
engineers as a guide to equipment used in manu 
facturing chromium chemicals and alloys; and to 
metallurgists for information on the recovery of 
chromium from its ores and its use in steels and 
nonferrous alloys. Volume 2 consists of 30 
papers by leaders in the field. Section I deals 
with the recovery of chromium from ores, pro 
duction methods, the electrowinning and electro- 
plating of chromium, and the deposition of 
chromium by different methods. Sections 2 and 3 
describe the uses of chromium in refractories, 
austenitic and ferritic steels, cast iron, high- 
temperature alloys, nickel-base alloys, electrical- 
resistance alloys, cobalt-base and titanium-base 
alloys, and the alloys of aluminum and copper. 
A bibliography accompanies each article, and the 
index to all the materials is in subject form. The 
editor is a chemical and metallurgical engineer 

Organo-Metallic Compounds. G. E. Coates 
London, Methuen & Co. Ltd.; New York, John 
Wiley & Ba Inc., 1956. 197 pp., diagrs., 
tables. $2.50 

As treated in this book, organo-metallic com 
pounds are substances containing metal-carbon 
bonds; these are generally covalent but may oc 
casionally be ionic as in some of the alkali metal 
compounds. Excluded from the definition and 
therefore from the discussion are metal alkoxides 
and other compounds in which metal atoms are 
bonded to organic systems generally via oxygen, 
nitrogen, or sulphur. The size of the book has 
forced the exclusion of any description of the or 
ganic chemistry of silicon, phosphorus, and ar 
senic The author, Professor of Chemistry in 
the University of Durham, has presented a work 
which concentrates on the preparative aspect of 
the subject, with extensive bibliographic refer 
ences for further research 

Selected ASTM Engineering Materials Stand- 
ards for Use in College Curricula; Factors and 
Principles of Specifications, Legal Implications 
of Standardization, Writing a Technical Paper, 
Standards. Philadelphia, American Society for 
Testing Materials, 1956. 358 pp., illus., diagrs 
tables $4.00 


Vacuum Deposition of Thin Films. [.. Holland 
New York, John Wiley & Sons, Inc., 1956. 541 
Pp., illus., diagrs., tables. $10 

This book is an attempt to fill the gap in the 
feld for a comprehensive work dealing with both 


BOOKS 


ENGINEERS 


Ae rodynamics & Propulsion 


APL-An Organization 
Of And For Technical 
Men And Scientists 


The Applied Physics Laboratory (APL) of the Johns Hopkins University 
is an organization of and for technical men and scientists. Several 
factors allow for more effective utilization of “mind power” at APL. 
They lead to tangible and intangible satisfactions for staff members 
that could not be gained elsewhere. 


Among them are: 


1. Individual staff members are given a measure of responsibility and 
initiative much greater than in many comparable establishments. 
Decision-making, on all levels, is placed in the hands of scientists and 
technical men. 


2. Staff members do not restrict their efforts to limited technical 
problems. Instead they are asked to assess and solve problems of a 
systems nature, including analyses of complete tactical problems. 


3. APL handles technical direction of the work of many associate and 
subcontractors, including 21 universities and leading industrial organi- 
zations. Asa result, APL staff members enjoy a rewarding exchange of 
ideas and techniques with other leaders in R & D. 


4. The combined facilities of APL, its associate and subcontractors, 
and Government test stations provide opportunities for members of its 
technical staff to develop and exploit their varied capabilities in a 
og environment where teamwork and individual initiative are 
fused. 


5. This esprit and freedom to look into new concepts have resulted in 
a number of “quantum jumps” in defense capability, including the 
proximity fuze, the first supersonic ramjet engine, and the Navy’s 
Bumblebee family of missiles which includes TERRIER, TALOS and 
TARTAR. APL is presently attempting break-throughs on several 
important fronts. 


APL’s expansion program recently witnessed the completion of new 
laboratories covering 350,000 sq. ft. in Howard County, Maryland, 
equidistant from Washington, D. C. and Baltimore. Men of orig- 
inality are invited to inquire about staff opportunities. Salaries com- 
pare favorably with those of other R & D organizations. 


OPENINGS EXIST IN: 
DEVELOPMENT: Stability and control analysis; ramjet engine 
design; preliminary design and wind-tunnel testing. 


RESEARCH: Interference and heat transfer phenomena; internal 
aerodynamics; hypersonics, turbulence, shock wave phenomena; com- 
bustion. 


For Additional information write: Professional Staff Appointments 


The Johns Hopkins University 


Applied P hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Md. 
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deposition procedures and the physical properties 
of thin films. It is a summary of procedures in 
practice and of papers and articles on the subject. 
Included is original information supplied by the 
author, Head, Vacuum Coating Research Labora 
tory, Edwards High Vacuum Ltd. Treatment of 
material is practical more than theoretical 
Since it was impossible to deal in detail with all 
the numerous applications of thin films, the 
main subject matter has been planned to cover 
plant design, film production, and the physical 
properties of thin films. The bibliography lists 


557 sources of information 


MATHEMATICS 


Proceedings of the Conference on Differential 
Equations; Held at the University of Maryland 
March 17-19, 1955 


Institute for Fluid Dynamics and Applied Mathe 


Sponsored Jointly by the 


matics, University of Maryland, and the AFOSR, 
ARDC Editors, J. B. Diaz and L. E. Payne 
(AFOSR TR 56-51; AD 110814), College Park, 
Md., University of Maryland Book Store, 1956 
294 pp. $8.00 

Contents: Differential Systems with Boundary 
Conditions at More than Two Points, W. M 
Whyburn. Sturm-Liouville and Heat Equations 
Whose Eigenfunctions are Ultraspherical Poly 
nomials or Associated Bessel Functions, S 
Bochner 
of Stability, An Example, E. Hopf 
Related to Characteristic Surfaces, M. Riesz 


Repeated Branching Through Loss 
Problems 


On the Euler-Poisson-Darboux Equation, Inte 
gral Operators, and the Method of Descent, J. B 
Diaz and G. S. S. Ludford. On Partial Differen 
tial Equations of Mixed Type, M. H. Protter 
Some Applications of Riesz’s Method, E. T 
Copson. Discontinuity and Representations of 
Minimal Surface Solutions, Y. W. Chen. Rela 
tions Between Different Capacity Concepts, G 
Szeg6é. Some Results on Generalized Axially 
Symmetric Potentials, A. Huber. On the Nu 


of General Electr 


We can't think of a better way for a 
with a broad background to enter the 


weight ratio of more than 4 to 1. 

The assignments are stimulating, a 
levels: 

- Analysis of mechanical designs 
how well they meet performance 
Analysis of the mechanical integri 
to ensure their suitability. 

Analysis of design concepts and t 


. 


and criteria. 


acteristics of designs. 


the famed T-58—with its ‘Constant 


And you'll enjoy living within ten miles o 
center for all New England. 


Write in complete confidence té 


1000 Western Avenue West 
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An Abstract 
Separation 


Heat Equation 
Widder 


Mathematic 


Sturm-Liouvill 
Transfer to Hagen 
and K. Pohlhauset 

Integration of Differential Equa- 
gennett, William E. Milne, and 
York, Dover Publica 
$1.35 Reprint of 
mittee of the Division of Physi 


Numerical 


tions. Albert 
Harry Bateman 


tions, Inc 


Bulletin 92, Co 


cal Sciences 
ber, 1933 


Lectures on the 
of Equations of the Fifth Degree. 
New York, 
Repr 


pp $1.85 
1914) of the 


An Introduction to Matrix Tensor Methods in 
Theoretical and Applied Mechanics. Sidney F 
W. Edwards, Pub 


, figs. $4.75 
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Engineering 


The material i 


and mechanical « 


ENGINEERS WITH BROAD EXPERIENCE 
Look Over the Opportunities in 
DESIGN ANALYSIS 
at the Small Aircraft Engine Dept. 


ic 


talented engineer 


new and growing 


field of small aircraft engines—-gas turbines with a power 


nd on advance 
to determine 
requirements 


ty of designs 


echniques for 


the purpose of establishing design procedures 
Study and analysis of stress and vibration char 


You'll have the best facilities in the field at your disposal 
and gain from the experience of the men who developed 


Speed Control’ 


design. Advancement is rapid. Benefits are comprehensiy 


d 


new concept that threatens to revolutionize helicopter 


f Boston—cultural 


Mr. T. S. Woerz (Section R-A-7) 
SMALL AIRCRAFT ENGINE DEPT. 


GENERAL @@ ELECTRIC 


Lynn, Mass. 


Dirichlet Problem, Z 
Almost-Periodic Solutions 
Differential Systems, L 
Riemann Mapping Theorem 


Eigenfunctions of the Mem 
Singular Case, A. Pleijel 


W. Feller Heat 
Flows, K. Millsaps 


English translation 


MECHANICS 


narily an engineering treatment 
or methods in structures, fluids 
Formulated as a teaching text 
1 reference work, it is based ters 
and senior courses 
Professor and Head of Civil 

Institute of Technology 
or students in aeronautical, civil, 


neering and also for those in 


JANUARY, 1957 


applied mechanics and applied physics. The 
overall approach to the subject is to emphasize 


Amerio the essential unity of the various fields of applied 


mechanics. Since the book is intended primarily 


Dressel and J. J for engineers, mathematical arguments have been 


kept to a minimum 


Contents: (1) Mathematical Preliminaries 
the Method of 2) Tensors (or Matrices) of Zero, First and 


Friedman The 


Second Order. (3) Introduction to Theory of 

W akaygingg Transtorm Elasticity. (4) Applications of the Theory of 

i perational Elasticity (5) Introduction to the Theory of 


On Generalized 


Plates and Shells. (6) The Equations of Viscous 


Flow and Introduction to Boundary Layer 
Theory. (7) Introductory Theory of Plasticity 
(8) Curvilinear Coordinates. (9) Tensor Analy 


sis as Related to Dimensional Analysis Index 

Rayleigh’s Principle and its Applications to 
Engineering; The Theory and Practice of the 
Energy Method for the Approximate Determina 


1al Research Council, Novem tion of Critical Loads and Speeds G. Tempk 
and W. G. Bickley. New York, Dover Publica 
Icosahedron and the Solution tions, Inc., 1956. 152) pp.,  diagrs. 31.50 


Felix Klein Reprint of first edition, 1933 


Publications, Inc., 1956. 289 


ROTATING WING AIRCRAFT 


i revised edition 


Weights and Balance. Eugene Kk. Liberator: 
Rotary Wing Aircraft Handbooks and History 
Vol. 5; 
Prepared for Wright Air Development Center 
ARDC, USAF.) Washington, Office of Techni 
cal Services, U.S. Department of Commerce 
PB 121097, $2.25 


Edited by Eugene K. Liberatore and 


1954. 86 pp., diagrs., charts 


This volume contains weight and balance data 
pertaining to United States and foreign helicop 
This information is presented on standard 
form data sheets which are arranged in alphabeti 
cal order according to the name of the manufac 
turer, irrespective of nationality or configuration 
Some graphs of weight data are also presented 


In most instances the information plotted is only 


POSITION OPEN 


Young engineer, metallurgical, mechanical, or aircraft 
structural, for technical-administrative position in large, 
comprehensive, long range materials project. Should 
like to write and edit technical reports, deal daily with 
engineering personnel, meet new people, and assume 
some administrative responsibilities. Will work 
directly with experienced technical personnel in in- 
formal, fast-moving, congenial environment. Will 
consider exceptionally qualified new graduate. 


BATTELLE MEMORIAL INSTITUTE 
505 King Avenue 


Columbus 1, Ohio 


When you write to manufacturers whose advertising appears 
in the 


Aeronautical Engineering Review, 


it will be of interest to the companies 


and of benefit to the Institute if you mention that you saw it 


in the 


Aeronautical Engineering Review 
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Senior Research Scientist 
for Fundamental Studies of 

Interior Ballistics 
of solid propellant 


rocket engines 


A challenging position is now open 
for a man of broad, fundamental 
background capable of original 
experimental and theoretical studies, 
who desires to contribute significantly 
to the nation’s missile program. 


The range of individual initiative is 
practically unlimited; the climate, 
beauty and living conditions of 
historic Sacramento completely 
satisfying. 


mp {TION 
A Subsidiary of GENERAL PLANTS AT AZUSA AND 
The General Tire & Rubber Company TIRE NEAK SACRAMENTO, CALIFORNIA 


For further information regarding 
this unique opportunity, write: 
Dr. James H. Wiegand, Head 
Solid Engine Research Dept. 
Aerojet-General Corp. 

Box 1947 C, Sacramento, Calif. 


CHALLENGING OPPORTUNITIES 
IN RESEARCH AND DEVELOPMENT 


for 
FLUID MECHANICS ENGINEERS 

Engineers of advanced standing will find challenging work at the 
Garfield Thomas Water Tunnel of the Ordnance Research Labora- 
tory located at The Pennsylvania State University. This laboratory 
is engaged in basic and applied research in the field of underwater 
propulsion and related subjects, including cavitation, hydroelasticity, 
and hydrodynamic control of submerged bodies. The existing open- 
ings offer opportunities for combining research and development 
work in these fields with various academic activities. 


MECHANICAL ENGINEERS 


Mechanical engineers with research ability and experience in missile 


development. 
University Faculty Appointments 
Opportunities for Graduate Study 
Liberal Vacation Allowances 
Security Benefit Programs 
Send Resume to: 
ARNOLD ADDISON, Personnel Director 
THE PENNSYLVANIA STATE UNIVERSITY 
ORDNANCE RESEARCH LABORATORY 
University Park Pennsylvania 


ATTENTION ADVERTISERS 
YOUR BEST INVESTMENT IN 
ENGINEERING READERSHIP 
IS 


AERONAUTICAL ENGINEERING 
REVIEW 


The ONLY magazine serving the specialized interests 
of professional engineers and design project teams in 


the aviation industry. 


HEAD, STRUCTURAL 
RESEARCH GROUP 


With excellent advancement opportunities 
in both Technical and Management direc- 
tion. 


Combining studies in the most advanced 
aircraft structural research and development 
with supervisory and management responsi- 
bilities of an analytical technical study 
group. 


MIS or PhD in Aero Engineering and Struc- 
tural Analysis with approximately 8 years’ 
applicable experience preferred. Salary 
commensurate with qualifications. 


Other positions also available within the 
group. 


Interested applicants may send resume to: 


Manager, Engineering Personnel, Dept. B 


BELL AIRCRAFT CORPORATION 
P. O. Box 1 Buffalo 5, N. Y. 
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that known to be actual, rather than estimated. tion of Air Density frota a Satellite, Lyman — 
This tends to eliminate optimistic and unreliable Spitzer, Jr Pressure and Density Measure 
data. Estimated data were used only where ments Through Partial Pressures of Atmospheric THE IAS LIBRARY 
necessary to obtain extreme points for a given Components at Minimum Satellite Altitudes, . c 5 
curve. Hence the curves are representative of H. S. Sicinski, N. W. Spencer, and R. L. Boggess Publications treated in the 
realistic practice at the time the information was Meteorological Measurements from a Satellite “* Aeronautical Reviews’ sections 
plotted (about 1950). ae le mn rou : F ge W. Nordberg rhe are maintained by the Library for 
Radiative eat Transfer of Planet Earth, Jean ~ . Tk 
I. F. King Vi lity from a Satellite at High use by the IAS Membership ey 
SPACE TRAVEL Altitudes, V. J. Stakutis and Joseph X. Brennan are not for sale but are made avail- 
: A Lyman Alpha Experime he Vangu: ‘ silities of 
Scientific Uses of Earth Satellites. Edited by Sat TA able through the facilities of the 
James A. Van Allen. Ann Arbor, Mich., Uni- Library. 
Kupperian A itellite Experiment to Deter- 
versity of Michigan Press, 1956 316 pp., Hyd 1 
ne stribution o ze ace 
A. Chubb, H. Friedman, and J. Kupperian 


This volume is a compilation of 33 papers pre- Ultraviolet Stellar Magnitudes, Robert J. Davis members, both Individual and 
sented at the 10th anniversary meeting of the Quantitative Intensity Measurements in the Ex Corporate, may borrow periodicals, 
oe saison oo a treme Ultraviolet, H. E. Hinteregger. Cosmic reports, and books for a period of 
1956. James A. Van Allen, Chairman, Depart- weeks, excluding time transit. 
ment of Physics, State University of Iowa, has Radiations, Jam A. Van Allen. Proposed Excepted are certain reference books 
been Chairman of the Panel since 1947 Measurement of Solar Stream Protons, Willard and those IAS publications that 

Contents: The Orbit of a Small Earth Satellite, H. Bennett. Exploring the Atmosphere with a may be purchased. 

R. J. Davis, F. L. Whipple, and J. B. Zirker Satellite-Borne Magnetometer, E. H. Vestine 
Time Available for the Optical Observation of Measurements of the Earth’s Magnetic Field from Puotocopy Services: The Li- 
an Earth Satellite, J. B. Zirker, F. L. Whipple, a Satellite Vehicle, S. F. Singer. Satellite Geo brary is equipped to provide, as 
and R. J. Davis. Satellite Tracking by Elec magnetic Measurements, J. P. Heppner. Geo ° ene s . 

a service, positive photocopies of 
tronic Optical Instrumentation, Harrison J. magnetic Information Potentially Available from * 
Merrill. Possibility of Visual Tracking of a a Satellite, Ludwig Katz. lIonospheric Structure certain materials in its collections. 
Satellite, Donald E. Hudson. Interpretations as Determined by a Minimal Artificial Satellite, Rates on request. 
“ on a Earth Warren W. Bern lemperature and Electron For detailed information about 
Satellite, Jackson L. Sedwick, Jr. Systems De- Density Measurements in the Ionosphere by a ‘ _ 
sign Considerations for Satellite Instrumentation, Langmuir Probe, Gunnar Hok, H.S. Sicinski, and these and other services, write to: 
L. G. deBey. Components for Instrumentation N. W. Spencer A Satellite Propagation Experi 
of Satellites, H. K. Ziegler. Experiments for ment, L. M. Hartman and R. P. Haviland John J. Glennon, Librarian 
Measuring Temperature, Meteor Penetration, Electromagnetic Propagation Studies with a Institute of the 
and Surface Erosion of a Satellite Vehicle, Her- Satellite Vehicle, Fred B. Daniels. Study of Fine Aeronautical Sciences, Tne. 
man E. LaGow Isolation of the Upper Atmos- Structure and Irregularities of the Ionosphere 9 East 64th Street 
phere and of a Satellite, P. R. Gast. Satellite with Rockets and Satellites, Wolfgang Pfister r my Ni : Y k 
Drag and Air-Density Measurements, L. M Meteoric Bombardment, Maurice Dubin Meas- New York ot, ION vad 
Jones and F. L. Bartman. On the Determina urements of Interplanetary Dust, S. F. Singer 
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Special Bulletin: 
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Battelle Institute, one of the world’s leading 
eo se independent research organizations, has just 
published a new booklet describing the varied 
and unusual career opportunities in its labora- 


s +) | tories. Write today for your copy, without 
STAINLESS STEEL obligation, to the 


HOSE CLAMPS Personnel Manager, | 


~ ‘ Meet Current Military BATTELLE INSTITUTE, 
COLUMBUS 1, OHIO 


a. Dependability in Hose Clamps 


for over a Quarter of a Century 


CHEF ENGINEER 


Major aircraft development and manufacturing firm 
located in midwest needs an outstanding engineer with : 
executive ability to fill this key management position. 


Several years’ experience in responsible design supervi- 
sion of airplanes or helicopters that have been success- 
Type WWD Type WWD-LS Type FBSS fully introduced into production is necessary to qualify. 
Salary open. 


Write for Catalog 


WITTEK Manufacturing Co. Interested parties please send detailed resume | in i 

4305-37 W. 24th Place confidence to Box 787, Aeronautical Engineering 

Chicago 23, Illinois HOSE Review. 
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RESEARCH ENGINEERS 


The Armour Research Foundation has a 
limited number of top level research 
positions for individuals possessing a high 
degree of ingenuity and imagination. 
These positions provide excellent ad- 
vancement opportunities into management 
or senior research positions, of equivalent 
rank, in the following general fields: 


Aerophysics 
Combustion 
Heat Transfer 
Thermodynamics 
Compressible and Incompressible Flow 
Weapons Systems Analysis 


Only individuals capable of applying 
their proven research abilities within the 
above fields will be considered. Ex- 
cellent educational and other employee 
Please send 


benefits. Salary open. 


resume to: 


Mr. J. A. Metzger 


ARMOUR RESEARCH 
FOUNDATION 


of 
Illinois Institute of Technology 
10 West 35th Street 
Chicago, Illinois 


ATTENTION ADVERTISERS 


YOUR 
BEST INVESTMENT 
IN 


ENGINEERING 
READERSHIP 


IS 


AERONAUTICAL 
ENGINEERING 
REVIEW 


The ONLY magazine serving the 
specialized interests of profes- 
sional engineers and design proj- 


ect teams in the aviation industry. 
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ELECTRICAL 
MECHANICAL 


Inertial 
Guidance 


Enjoy Challenging Opportunities in the further development 
and systems testing of Inertial Guidance Systems and their 
Servo Loops in the most versatile laboratories in the country. 

Work with the top men in the field and with the finest 
test, research and development facilities. New plant being 
added in suburban Milwaukee as a part of Major, Permanent, 
Expansion Program. 

AC will provide financial assistance towards your Master's 
Degree. A Graduate Program is available evenings at the 
University of Wisconsin, Milwaukee. 

GM's long-standing policy of decentralization creates in- 
dividual opportunity and recognition for each Engineer hired. 

Milwaukee offers ideal family liv- ‘Se. 

ity with every metropolitan shopping 2 

and cultural advantage. 

view in your locality send complete Pare 

resume to 


Recent EE, ME 
Graduate 
Inquiries 

Also Invited 


ing combining small town hospital- 
For personal, confidential inter- As 
THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


Mr. John F. Heffinger, Supervisor 
FLINT 2, MICH. « MILWAUKEE 2, WIS. 


of Technical Employment 


MECHANICAL 
ENGINEERS 
Military electronics projects of 
increasing magnitude and 
lexity have created 
rat exceptional career potentials for Ree 
mechanical and electromechanical 
ae engineers at Hoffman. If you fe 
are keenly interested in enhancing 
your professional stature, and 
= prefer to work for a growth leader ae 
eis in the electronic field, you are 2x 
co invited to write Vice President ee 
of Engineering: 
g g 


LABORATORIES, INC. 

A SUBSIDIARY OF HOFFMAN ELECTRONICS CORP. 
3761 South Hill St., Los Angeles 7, Calif. 
~ Telephone: RIchmond 9-4831. 
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GUIDED MISSILE 
RESEARCH and DEVELOPMENT 


guided missile research and development program has several 


A major § 
significant characteristics that are of particular interest to the scientist 
and enginee! 

First, it requires concurrent development work in a number of dif- 
ferent technical areas such as guidance and control, aerodynamics, struc- 
tures, propulsion and warhead. Each of these Jarge areas in turn contains 
a wide variety of specialized technical activities. As an example, digital 
computer projects in the guidance and control area involve logical design, 
circuit design, programming, data conversion and handling, component 
and system reliability, input-output design, and environmental and 
mechanical design. 

A second characteristic is frequently the requirement for important 
state-of-the-art advances in several of the technical areas. For instance, the 
supersonic airframe needed for a new missile may necessitate not only 
novel theoretical calculations, but also the design and performance of new 
kinds of experiments. 

A third characteristic of missile development work is that such close 
interrelationships exist among the various technical areas that the entire 
project must be treated as a single, indivisible entity. For example, what 
is done in the guidance portion of the system can affect directly what must 
be done in the propulsion and airframe portions of the system, and 
vice versa. 

These characteristics make it clear why such work must be organized 
around strong teams of scientists and engineers. Further, for such teams 
to realize their full potential, they must be headed by competent scientists 
and engineers to provide the proper technical management. And finally, 
all aspects of the organization and its procedures must be tailored care- 
fully to maximize the effectiveness of the technical people. 

Principles such as these have guided The Ramo-Wooldridge Corpora- 
tion in carrying out its responsibility for overall systems engineering and 
technical direction for the Air Force Intercontinental and Intermediate 
Range Ballistic Missiles. These major programs are characterized by their 
importance to the national welfare and by the high degree of challenge 
they offer to the qualified engineer and scientist. 


Guided Missile Research and Development 
Aerodynamics and Propulsion Systems 
scientists and engineers Communications Systems 

in these fields of Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 


Openings exist for 


current activity: 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA 
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Personnel Opportunities 


Wanted 


Electronic Scientists, Metallurgists, Physicists, 
Technologists, and Engineers 
Electronic, Industrial, General, Me 
chanical, and Power-Plant)--The Naval Air 
Material Center, Philadelphia, has an urgent 
need for qualified engineering and scientific per 


(Aeronautical, 
Electrical, 


sonnel to fill vacancies in the above positions 
The Center is currently engaged in an extensive 
program of aeronautical research, development, 
experimentation, and test operations for the ad 
vancement of naval aviation. Starting salaries 
range from $4,480 to $7,570 per annum. Applica- 
tion for Federal Employment, Standard Form 57. 
should be filed with the Industrial Relations De 
partment, Naval Air Material Center, Naval 
Base, Philadelphia 12. Applications may be ob- 
tained from the above address or from any first- 


or second-class Post Office 


Research Psychologists (Human Engineering, 
Training, and Systems Analysis) -The American 
Institute for Research has several openings for 
qualified personnel at the M.A. or Ph.D. level in 
the Systems and Human Engineering Program 
Experience in human engineering, training and 
training equipment design, electronics, and main 
tenance is desirable. Salary ranges from $6,000 
to $9,600 depending upon education and experi 
ence. Job duties consist of gathering field and 
laboratory data, designing experiments, evalu 
ating existing methods and devices in the training 
and human engineering areas, and developing 
methods for training and human engineering 
applicable to industrial and military problems 
Immediate openings available in Pittsburgh and 
Dayton, Ohio. Please send personal résumé, 


academic transcripts, and names of references to 


This section is for the use of individual members of the Institute seeking new connections and 
e organizations offering employment to Aeronautical speci 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Instructor or Assistant Professor Needed im 
mediately to teach courses in the following: air 
craft design; aeronautical laboratory course in 


aerodynamics, instrumentation, propulsion, or 


structures; and other aeronautical 
Salary will depend on education and experience; 
man with advanced degree preferred If ap 


plicant desires to pursue graduate study, arrange 


courses, 


ments may be made for part-time schedule. 
Résumé of education and experience should be 
furnished in initial reply Apply to Chairman, 
Department of Aeronautical Engineering, Uni 
versity of Kansas, Lawrence, Kan 


Research Physicists, Chemists, Mathemati- 
cians, Metallurgists, Engineers, and Aerody- 
namicists-The Research Laboratories of Ord 
nance Missile Laboratories seek qualified per 
sonnel to engage in fundamental research in the 
natural sciences and engineering Unusual op 
portunities exist for original research in topics 
dealing with fluid dynamics, combustion, metal 
lurgy, 
tronics, microwaves, mechanics, physical chemis 


solid-state physics, nuclear physics, elec 


try, inorganic and organic chemistry, 
matics, and others. Also, 


mathe 
a graduate program 


Any member or organiza- 


through the University of Alabama allows con 


GS-11 through GS-15 with corresponding salaries 
from $7,035 to $11,610 per annum. Ordnance 
Missile Laboratories is the Army Ordnance Re 
search and Development Center for rockets and 
guided missiles. The 


Research Laboratories 


have the task of conducting the long-range re 
search required to support the missile program 
Applications may be submitted on Standard 
Application for Federal Employment, 
which is available at any first 


Form 57, 
or second-class 
Post Office or from any Civil Service regional 
office. Correspondence should be addressed to 
Commanding General, Redstone Arsenal, Hunts 
ville, Ala.; Attention: Dr. Eugene Miller, Re- 
search Laboratories 


Engineers The Navy 
of Aeronautics Representative 


Department, 
Office, 
Tex., has openings for aeronautical, 
and electronic engineers 


Bureau 
Dallas, 
electrical, 
The positions involve 
the monitoring of the engineering aspects of all 
aeronautical contracts of the Bureau of Aero 
nautics in the Dallas area, including research and 
development contracts. Salaries are at GS-11, 
$7,035 per annum, and at GS-12, $7,570 per 
annum, and require a degree in engineering plus 


3 to 4 years of experience. Applications made 
on Standard Form 57 (available at most Post 
Offices and Government offices) should be sent to 
Chief Engineer, BAR, Dallas, P.O. Box 5907, 
Dallas, Tex. 


Assistant and Associate Professor of Engineer- 
ing--Able young Ph.D.’s interested equally in 
teaching and in research Well equipped and 
active professorial staff in thermodynamics and 
fluid mechanics is expanding to size comparable 
with ioternatioaally known group in mechanics 


Ralph Ostrich, Systems and Human Engineering 
Program, 410 Amberson Ave., Pittsburgh 32, Pa 


tinued study toward advanced degrees or self 


of solids. Excellent opportunity for development 
improvement 


Positions are available for grades and advancement. Write to Professors J. Kestin, 


INDEX TO ADVERTISERS Seeking Engineering Personnel 
COMPANY AND LOCATION PAGE COMPANY AND LOCATION PAGE 
AC Electronics Division, Milwaukee.......... 157 Hoffman Laboratories, Inc., Los 157 
Aerojet-General Corp., Azusa & Sacramento, Calif.......... FO, 139 Johns Hopkins University, Silver Spring, Md........ Cute amare 1s3 
AiResearch Mfg. Divisions, Los Angeles; & Phoenix, Ariz....... 102 Kaman Aircraft Corp., Bloomfield, Conn.............000e000- 65 
Battelle Memorial Institute, Columbus, Ohio........... .154, 156 Lockheed Aircraft Corp., Van Nuys & Sunnyvale, Calif........ 133 
j Bell Aircraft Corp., 136, 155 The Glenn L. Martin Co., Denver........... 142 
: Boeing Airplane Co., Seattle; Wichita, Kan.; & Melbourne, Fla.. 116 North American Aviation, Inc., Los Angeles............... « BES: 461 
Caltech Jet Propulsion Laboratory, Pasadena, Calif........... 135 Columbus Division. .... an 
| Convair Division 
Northrop Aircraft, Inc.,.Hawthorne, Calif........... 152 
dnt Pennsylvania State University, University Park, Pa............ 155 
k Cornell Aeronautical Laboratory, Inc., Buffalo............66. 139 Republic Aviation Corp., Farmingdale & Mineola, N.Y........ 150 
Fi General Electric Co., Cincinnati; & Idaho Falls, Idaho......... 161 Solar Aircraft Co., San Diego, Calif............. ee eee 
Philadelphia..... 164 Southern Calif. Cooperative Wind Tunnel, Pasadena, Calif..... 148 
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AERONAUTICAL ENGINEERING REVIEW 


...at Convair-Pomona the country’s 
first exclusive guided missile plant. 
Here in the heart of America’s tremen- 
dously fast growing Electronics indus- 
try, we at Convair are engineering 
for tomorrow today! The engineer- 
ing miracles now being developed 
for America’s defense in the design 
and manufacture of guided mis- 
siles is the groundwork for the 
fantastic future in store for 
America tomorrow through 
electronic engineering. Join 

the Convair team now, work 

in America’s finest engineer- 
ing facility. Completely 
modern... Completely air 
conditioned. 


Excellent opportunities 
now available in: 


ELECTRONICS 
AERODYNAMICS 
DYNAMICS 
THERMODYNAMICS 
OPERATIONS RESEARCH 
HYDRAULICS 
MECHANICAL DESIGN 
LABORATORY TEST 
ENGINEERING 


Generous travel allowance to 
Engineers who are accepted. 


Write now- enclosing a 
complete resume to: 


Employment Department 3-N 


CONVAIR 


= A DIVISION OF 


GENERAL DYNAMICS 
CORPORATION 


0 
POMONA 


CALIFORNIA 


JANUARY, 1957 


P. F. Maeder, or R. F. Probstein or to D. ¢. 
Drucker, Chairman, Division of Engineering 
Brown University, Providence, R.I 

781. Professor—Position open at assistant 
or associate professor level in Aeronautical En. 
gineering Department of mid-western university 
To teach courses in fluid dynamics and airplane 
dynamics. Opportunity for outside research 
Must have teaching experience and advanced 
degree. Please submit qualifications and smal] 
photograph 


Available 


783. Analytical Consultant—Ph.D. in Ap 
plied Mechanics and formerly assistant professor 
of aeronautical engineering seeks part-time con- 
sulting work in theoretical investigations in any 
of the following fields: aeronautical engineering, 
vibrations, structures, hydrodynamics, or auto 
matic systems for missile guidance and control 
Nine years’ total experience in these fields. Re 
sides in the Los Angeles area but willing to travel 
occasionally. 

782. Teaching and/or Research Position— 
With professorial rank desired in university 
Fields of mechanics, aeronautics, etc B.Sc 
and M.Sc. in Aeronautical Engineering and Ph.D 
in Applied Mechanics. Ten years’ experience 
in research, teaching, and consulting 

780. Administrator, Engineering, Pilot —-B.S 
Mech. Engrg. (Aero.), 1948. Former USAF 
instructor pilot and test pilot Age 32. Five 
years as air-frame project engineer for AMC- 
WADC Last 3 years as successful sales engineer 
for manufacturer of electromechanical air-borne 
equipment. Desires position of greater responsi- 
bility. Los Angeles area only Please provide 
brief job description in first letter 

778. Aeronautical Engineer—Six years’ pro- 
gressive experience in varied aerodynamics proj 
ects involving airplane performance estimation 
flight-test supervision, etc. B. of Ae.E. plus 
graduate work Desires active responsible posi- 
tion involving aerodynamics and/or flight-testing 
of aircraft, preferably in conjunction with actual 
flight duties. 


Change 
of Address 


Please notify the Institute of 
the Aeronautical Sciences, 2 E. 
64th St., New York 21, N.Y., 
when you change your mailing 


address. 


Notification of the change 
should be received 30 days in 
advance of publishing date to 
ensure receipt of every issue of 


the Journal and Review. 
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Aeronautical Engineers 


Did You Know 
THAT YOUR PRESENT SKILLS 
FIT YOU FOR 
IMPORTANT ASSIGNMENTS 


un 


AIRCRAFT 
NUCLEAR 
PROPULSION 


AT GENERAL ELECTRIC? 


Whether or not you have previous 
nuclear experience, the skill you now 
have can be applied to the develop- 
ment of nuclear power systems for 
aircraft—with rewards for you that 
are possible only in a field as im- 
portant as this. 


General Electric will train you in the 
nuclear applications of your field 
through: 


4 full-tuition refund plan for 
university courses leading to an 
M.S. degree in nuclear engineer- 
ing or any graduate degree. 


In-plant training courses pro- 
viding the most complete nu- 
cleonics knowledge available to- 
day. 


On the job training with top 
specialists. 


Now is the time for alert, ambitious 
engineers to change over to one of 
the most important fields of the 
atomic era because. . . 


AIRCRAFT NUCLEAR PROPULSION 
AT GENERAL ELECTRIC 
HAS REACHED THE PRODUCT STAGE 


This means that earlier research has 

paid off, and a big upsurge in new 

development can be expected. 

Immediate openings in applications 

or: 
Stress and weight analysis, turbo- 
jet thermodynamics, shield de- 
sign, remote handling, heat trans- 
fer, cycle analysis, power plant 
components, reactors design and 
structures, fluid heat flow transfer. 

Comprehensive employee _ benefit 

program. 

High starting salary. 

Relocation expenses paid. 

Periodic merit reviews. 


Openings in Cincinnati, Ohio 

and Idaho Falls, Idaho 
Add oon Santee in confidence, to location 
you prefer: 
J. R. Rosselot L. A. Munther 
G. E. Go. Co. 
P.O. Box 132 P. O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 


GENERAL ELECTRIC 


Can you qualify 


for 


one of these 


Specialized 
engineering 


CONTACT: 


positions? 


Experienced Instrument Engineer. Design 
work on aircraft instruments, controls and 
displays. Electrical Engineering degree or 
equivalent essential. Human Factors 
engineering experience on displays desired. 


Experienced Human Factors Engineer. 
Design work on aircraft control and displays. 
Industrial Psychology degree or 

equivalent essential. Specific experience 

on instruments desired. 


Experienced Aircraft Air Conditioning 
Engineer. Work on weapons system advanced 
design aircraft. BSME or equivalent 
essential. 


Experienced Aircraft Engineer. Work on 
environment control engineering or weapons 
system advanced design aircraft. BSME or 
equivalent essential. 


Experienced Aircraft Engineer. Work on 
escape systems design on weapons system 
advanced design aircraft. BSME or BSAE 
degree or equivalent essential. 


Experienced Aircraft Engineer. Cockpit 
arrangement and provision studies on 
weapons system advanced design aircraft. 
BSME or equivalent essential. Human 
Factors experience desirable. 


Mr. Les Stevenson, Engineering Personnel, 
Dept.56AER, North American Aviation, Inc., 
Los Angeles 45, California. 


LOS ANGELES DIVISION 


NORTH AMERICAN AVIATION, INC. 


\ NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 


— 

— 
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AERONAUTICAL ENGIN 


Wanted! 


Engineers who will accept the challenge of 


EERING REVIEW 


JANUARY, 


1957 


the most urgent program in the free world today... 


Long Range Guided Missiles 


vision. In 1945 North 
American started a pro- 
gram of research and de- 
velopment in this field. As 
far back as 1948, the first 
NATIV — North Ameri- 
can Test Instrument 
Vehicle—streaked to tra- 
jectory altitude of 10 
miles. One result of this 
type of pioneering was 
complete weapons system 
responsibility for the Air 
Force SM-64 Navaho In- 
tercontinental Guided 
Missile—a gigantic task 
embracing almost every 
field of engineering. 


Progress Grows Apace 
We can’t give details here, 
or describe facilities, solu- 


tions, flight tests. But we can tell you this: 


JIM THOMPSON’ $ career in mis- 
sile engineering at North 
American began in 1951. Today, 
Jim is Group Leader of Flight 
Instrumentation at the Missile 
Test Facility, Patrick Air Force 
Base, Florida. The tropical cli- 
mate there is ideal for his fa- 
vorite sports—fishing and golf. 


a new 


Ten years ago there was only a handful of men in 
the country who said it could be done. Today, more 
and more engineers—their technological noses 
scenting the fact that engineering history is in the 
making—are picking up the gauntlet of the greatest 
engineering challenge American ingenuity has ever 
faced —the race against 


engineering chapter is being written. It is reaching its 
climactic phase. There will never be a better time for 
you to become a Missile Engineer. 


Are You This Kind of Man? 
Can you break with tradition...leave conventional 
methods behind...and 


Dr. E. R. van DRIEST, Chief Sci- 
entist, is nationally recognized 
for his work in aerothermody- 
namics. He has a BS, Case 
Institute of Technology; MS, 
University of lowa; Ph.D., Cal 
Tech; and Sc.D, Technisch Hoch- 
schule, Zurich, Switzerland. 
Around his home, in Whittier, he 
finds ideal opportunities for the 
pursuits he and his family like 
best—horseback-riding, archery 
and other outdoor activities — 


time and the phenomena 
of long range guided 
missiles. 

Research and develop- 
ment that would ordinar- 
ily take years is today— 
of necessity — being tele- 
scoped into months. Prob- 
lems of aerodynamics, 
thermodynamics, high 
temperature materials, 
aeroelasticity—that a dec- 
ade ago were only theory 
in textbooks are today be- 
ing solved. What’s more, 
the production techniques 
necessary to turn these 
solutions into hardware 
have been evolved. 


Major Missile Center 
One of the major centers 
of this activity is North 


MANUEL C. SANZ, Chief of Ma- 
terials Research, found unique 
scope for his special talents at 
North American. This Chemical 
Engineer, with a Masters in 
Physics and Chemistry, is 
named as the inventor in a pat- 
ent on the famous Chem-Mill 
Process. His son leads a Los 
Angeles school band—with a 
chem-milled baton! 


explore the unknown with 
the faith that in every 
obstacle lies the seeds of 
new successes ? 


If You Join These 
Men, We Promise You 


a management climate 
which stimulates personal 
growth—and rewards it 
with responsibility, pro- 
fessional recognition and 
material benefits limited 
only by your own abilities. 
Your own academic stat- 
ure can be constantly en- 
larged with our Educa- 
tional Refund Plan—and 
some of the nation’s finest 
universities are close at 


hand. 


perfect complement to the 
absorbing mysteries of his work. 


American Aviation’s Mis- 
sile Development Di- 


Write today for full particulars. If you’re the man 
we're seeking, we'll be glad to arrange a personal inter- 
view where you are now residing. 


Contact: Mr. M. Brunetti, Engineering Personnel Dept. 911-AER, 
Missile Development Division, 12214 Lakewood Blvd., Downey, California. 


NORTH AMERICAN AVIATION, INC. ae 


| 
a: 
a a 
sak aad 
. 
; | 
| 


AERONAUTICAL ENGINEERING REVIEW— 


-JANUARY, 1957 


Judex ta Aduertisers 


A 
AC Electronics Div., General 80, 157 
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Armour Research Foundation, Illinois Institute of Technology....... 157 
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Bendix Aviation Corp., Scintilla Div..........2cccccccccccccecce 108 
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California Institute of Technology 
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Fairchild Engine and Airplane Corp. 
Fenwal Inc., Aviation Products Div. 6 
Foote Bros. Gear and Machine Corp...... 113 
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Garrett Corp., The, AiResearch Mfg. Divs...............00005 102, 
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* Specifications and further information on the aircraft 


products of these companies will be found in the 


1956 AERONAUTICAL ENGINEERING CATALOG 


The only publication of its kind devoted exclusively to the aircraft industry, 
this CATALOG serves as a valuable buyers’ and reference guide to sources 
and specifications on aircraft materials, parts, and accessories. It is dis- 
tributed annually to Chief Engineers, Designers, Production Heads, and 
Purchasing Departments of all leading Aircraft, Aircraft Engine, Instrument, 
Accessory, and Aircraft Parts Manufacturers; Air Transport Companies; 
Army, Navy, and Governmental Agencies; Research Organizations; Engi- 
neering Libraries; etc. 


Published Annually by 


INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street 


New York 21, N.Y. 
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ENGINEERS-SCIENTISTS: ANNOUNCING A VAST PROGRAM IN 


MISSILES RESEARCH AND DEVELOPMENT IN PHILADELPHIA 
WITH MANY ATTRACTIVE PROFESSIONAL OPPORTUNITIES 


The Missile & Ordnance Systems Department of General Electric 


Where We Are... 


In PHILADELPHIA near 30th St. PRR 
Station...until our new 110 acre 
facilities are ready in Valley Forge 
—17 miles by Schuylkill Express- 
way from Downtown Philadelphia. 


What We're Doing... 
A PRIME CONTRACTOR — developing 
the 1cBM and mBM Nose Cones com- 


plete with nuclear arming and fuz- 
ing devices, gyros, accelerometers, 
resolvers, induction generators, am- 
plifiers, servos. This G-E Depart- 
ment is the center of company-wide 
studies in viscosity, diffusion, ther- 
mal conductivity, radiation, laminar 
and turbulent shock layers, etc., for 


a vast missile system program. 


How We’re Doing It... 


The Department’s primary objec- 
tive is to create the country’s TOP 
TEAM on Guided Missile Research 
and Development and with this 
team assume FULL MISSILE SYSTEM 
RESPONSIBILITY for the entire Gen- 
eral Electric Company. This will in- 
volve making use of the tremendous 
potential in the company’s more 


ZERO minus 4 hours! A G-E test missile, still 
shrouded in the early morning dampness 
before launching, represents more than a 
decade of research and development. 


than 100 operating departments and 
its many research laboratories. 


Where We're Headed... 


INTO EVERY PHASE OF MISSILE RE- 


SEARCH & DEVELOPMENT including: 
... MISSILE WEAPONS SYSTEMS—target 
and missile tracking — radars — com- 
puters—handling equipment— 
launching equipment—logistics 
equipment—and others, all designed 
FROM THE GROUND UP as one system! 
... SPECIFIC MISSILES —also Satellites 
including propulsion, guidance, air- 
frames, and warhead arming and 
fuzing devices. 

... SPECIAL COMPONENTS OF MISSILES 
—such as inertial guidance systems. 


What We're Using... 


HY PERSON 


WIND, SHOCK, HELIUM 
TUNNELS—mass accelerators—linear 
accelerators — electric arc mass ac- 
celerators —hyper-velocity shock 
tunnels. UNDER DEVELOPMENT: the 
LARGEST GAS SHOCK TUNNEL in the 
country...pLus laboratories and 
equipment second to none. AND 
WHEN NEEDED—the resources of 


over 100 other G-E departments! 


What All This Means to You... 


Stable career growth, full use of 
your abilities, creative experience 
and rapid advancement either into 
management or further specializa- 
tion, with a profesional staff that is 
expanding rapidly. 


Scientists with advanced degrees 
will have a particularly attractive 
opportunity to engage in high levels 
of basic and applied research in 
such advanced fields as Astrophy- 


sics, High Temperature Phenomena, 
Advanced Mathematical Concepts, 
Aerodynamics, Classical Physics, 
Materials Development, and Com- 
munications Theory. 


... Engineers and Scientists with ed- 
ucation and experience in any of 
the fields listed below are invited to 
correspond with us... 


DEGREE: Electrical Engineer, 
Aeronautical Engineer, Aerodynam- 
ics, Mechanical Engineer, Physics, 
Mathematics. 


EXPERIENCE:  syYSTEMS—De- 
velopment, Synthesis, Operations 
Analysis « AEROPHYSICS « COMPUTER 
DESIGN—Analogue, Digital * MATERI- 
ALS & PROCESSES e INSTRUMENTATION 
—-Telemetry, Transducers, Record- 
ing, Recovery « DATA PROCESSING— 
Systems Design, Analysis, Program- 
ming « GUIDANCE—Intertial Guid- 
ance, Component Development « 
TECHNICAL WRITING e FIRE CONTROL « 
STRUCTURES — Thermodynamics, 
Electrical: Design, Stress Analysis, 
Structure Design, Vibration, Aero- 
dynamics « ARMING AND FUZING— 
Component Development, Test 
Equipment « FIELD TEST « SYSTEMS 
TEST ¢« GROUND SUPPORT EQUIPMENT 
DESIGN — Controls, Handling Equip- 
ment, Launching Equipment. 


Missile & Ordnance Systems Depart- 
ment would be pleased to receive a re- 
sume of your education and experience. 


All resumes will be carefully reviewed 
by the MANAGERS of our varicus tech- 
nical components. You will be invited 
to visit our offices and discuss the work 
we are doing directly with the manager 
with whom you would be working. All 
communications will be entirely confi- 
dential, (You need not reveal the name 
of your present employer.) 


Please send resume to Mr. John Watt, Room 510-12 
MISSILE & ORDNANCE SYSTEMS DEPARTMENT 


GENERAL @@ ELECTRIC 


3198 Chestnut Street + Philadelphia, Pennsylvania 
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New Products and 
Product Literature 


AIRCRAFT MATERIALS & PROCESSES 


“Rigimesh’’ Rigidized Wire Mesh. For use in aircraft hydraulic system 
filters. Aircraft Porous Media, Inc., Glen Cove, N.Y. 

‘‘Feutron’’ Mechanically Interlocked Felts. Descriptive bulletin. American 
Felt Co., Glenville, Conn. 

0.001-In. Titanium Strip. For experimental and development work on honey- 
comb structures for aircraft and missiles. American Silver Co., Inc., 36-07 
Prince St., Flushing 54, N.Y. 

‘“‘Permawick’’ Self Wicking Fluid Lubricant. This combination of oil and 
cellulose base fibers has the ability to flow and completely fill any size of sleeve 
bearing cavity. Fluidwick Co., 5319 E. Outer Dr., Detroit 34. 

Injection Molding of ‘‘Cycolac’’ Resin. Descriptive report No. CY-3 
Marbon Chemical Div., Borg-Warner Corp., 7165 Chicago Ave., Gary, 
Ind. 

EC-1469 Epoxy Resin Adhesive. For honeycomb sandwich construction; 
has high shear strength at bond temperature of 300°F. Minnesota Mining 
& Mfg. Co., 423 Piquette Ave., Detroit 2. 

High-Strength Epoxy Resin Adhesives. This 1l-page technical bulletin 
gives engineering data on adhesives for metal-to-metal bonding and honey- 
comb sandwich construction. Minnesota Mining & Mfg. Co., 423 Piquette 
Ave., Detroit 2. 

Pressure-Sensitive Tapes. Descriptive handbook. Mystik Adhesive Prod- 
ucts, Inc., 2635 N. Kildare Ave., Chicago 39. 

Laminated Plastic & Vulcanized Fibre. Chart compares grades vs. properties 
of these materials. National Vulcanized Fibre Co., 1056 Beech St., Wilming- 
ton 99, Del. 

No. 621 Glass Cloth Flame Resistant Tape. For sealing and binding joints on 
high-temperature duct work in aircraft. Permacel Tape Corp., New Bruns- 
wick, N.J. 

Molded Plastics. Descriptive 8-page manual. The Richardson Co., 27th 
Ave. & Lake St., Melrose Park, Ill. 

Inconel Rod. Measures 0.002 in. in dia. with a cross-sectional area of 0.000031 
in. Techalloy Co., Inc., Rahns, Pa. 


AIRCRAFT PARTS & EQUIPMENT 


Engine Starting System. Provides an inboard starting system incorporating 

— combustor or heater. AiResearch Mfg. Co., 402 S. 36 St., Phoenix, 

Gravimetric Fuel Flowmeter. Permits accurate cruise control of jet aircraft 
Avien, Inc., 58-15 Northern Blvd., Woodside 77, N.Y. 

-" Bearings. Descriptive 64-page catalog. The Barden Corp., Danbury, 

onn. 

Fuel Control for Lycoming T53 Gas-Turbine Engine. Designed to combine 
several normally separate fuel system components into one ‘‘unitized control” 
see. Chandler-Evans Div., Pratt & Whitney Co., Inc., W. Hartford, 

onn. 

Gaskets. 28-page catalog describes gaskets, shims, and washers. Chicago- 
Wilcox Mfg. Co., 7701 S. Avalon Ave., Chicago 19. 

Super-Flexible Ammunition Chute. Especially adapted to high rate of fire; 
has no welds, rivets, or other mechanical fastenings. Components, Inc., 
Santa Ana, Calif. 


USE THESE TEAR-OUT POSTALS TO 
REQUEST ADDITIONAL INFORMATION 
DIRECT FROM THE MANUFACTURER 
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Vortac Air Navigation System. This system, combined with already existing sele 


ad equipment, comprises a complete system that gives distance and directior Cal 
+) info tion to pilots. Federal Telecommunication Laboratories, Nutley, 10-Pe 
ee N 
Aircraft Fire & Overheat Detectors. Descriptive 4-page brochure No. MC 315 
Fenwal, Inc., Ashland, Mass. Progr 
| Model AHT- 30T Subminiature High-Temperature Accelerometer. Measure pn 
| | jutually perpendicular accelerations simultaneously. Gulton In- Ger 
dustries, Inc., 212 Durham Ave., Metuchen, N.J. . 
Sensi 
Rate Gyros, Accelerometers, & Potentiometers. Descriptive bulletin N oe 
A-1 Humphrey, Inc., 2805 Cajion St., San Diego 6. 16 
Pressure-Operated Propellant Valves. For high-performance air-borue missil¢ asi 
and rocket applications. Hydromatics, Inc., Cedar Grove, N.J. AEE 
Model 104 1-In. Round Panel Meter. For flus h mounting; provides long-scale El 
irc. International Instruments, Inc., New Haven 15, Conn. Minia 
3,000 Psi Stainless Steel Check Valves. Protects the O-ring seal on the valve Jac 
poppet from damage due to flow turbulence or erosion. Mansfield & Green, Ceran 


1051 Power Ave., Cleveland 14. con 
Miniature Differentials. For controlling relative speeds, obtaining wide speed My 
ratios between shafts, or reversing or changing speeds quickly without discon- 


the power source. Metron Instrument Co., 432 Lincoln St., Denver yes 
Fuel Control Units. For use on turbine type auxiliary power units and Ker 
| guided missiles. The Pierce Governor Co., Inc., 1625 Ohio Ave., Anderson, Mode 
Ind 
Pneumatic Pressure Reducer. Reduces pressure from 3,000 psi; conforms to _ The 
MIL-R-8572-A. Pneu-Hydro Valve Corp., 364 Glenwood Ave., E. Orange, —_ 

| N.J. 
Series A Metering Valve. This 3/8 and 1 2-in leakproof valve has an orifice ‘Div 
of 6 in. which requires a torque of only 24 in.lbs. to operate at 6,000 psi Lightv 
Rob! ins Aviation, 1735 W. Florence Ave. , Los Angeles 47. req 
| Self-Locking Socket Screws. De scriptive 16-page booklet. Standard and 
nw Pressed Steel Co., Box 814, Jenkintown, Pa. SA00€ 
. eS gg Series 5900 Rotary-Type Controllable Check Valves. For 3,000-psi service wi 
hd >> Tactair Valve Div., Aircraft Products Co., 300 Church Rd., Bridgeport, Pa. Sch: 
m 2 a Miniature Gasket Thermocouples. 6-page descriptive bulletin. Thermo Consté 
Electric Co., Inc., Saddle Brook, N.J. date 
Open Linear Ball Bearing. Permits the use of shaft support members along load 
the length of the shaft traversed by the bearings. Thomson Industries, Inc., Model 
Manhasset, N.Y. sisto 
Deaerating Cold-Weather Oil System. Designed to furnish fluid engine oil Con 
ifter cold soak at —65°F. without the application of external heat. United 1,500- 
Aircraft Products, Inc., 1116 Bolander Ave., Dayton 1. aii 
Hydraulic Systems for Turbojet & Turboprop Aircraft Engines. Descriptive HS, 
8-page catalog No. A5211 entitled Vickers Looks Ahead to the New Engines Lem 
Vickers Inc., Detroit 32. Silicon 
54F Series Hydraulic Motors. [or operation in 3,000-psi systems; designed 75-a 

primarily for use in aircraft hydraulic systems. Watertown Div., The New H 

York Air Brake Co., Watertown, N.Y — 
clem 


OL 


sad 3 ELECTRONIC & ELECTRICAL EQUIPMENT 


‘‘Aero-Pots’’ Miniature Trimming Potentiometer. Features unusual rugged- 
ness; construction resists warping and twisting under extreme torsional stress 


and protects against humidity, splashing, and dust. Aero Electronics Corp., | 
2311 W. Burbank Blvd., Burbank, Calif. a 
‘Electronic Facts Handbook.’’? This 20-page booklet contains basic reference “A 
data useful to people concerned with Government and industrial research — 
and development activities. American Machine & Foundry Co., 261 York 
Madison Ave., New York 16. p of 
Type AB High-Speed Sampling Switch. Provides single-pole sampling of 60 ower- 
contacts at rates up to 30 r.p.s.; only 3 oz.-in. torque is required. Applied type: 


Science Corp. of Princeton, P.O. Box 44, Princeton, N.J. 

Model A-101-D.C. Transducer Amplifier. This unit is of plug-in construction 
intended for preamplifier service where convenience and stability are 
desired. Avionic Products Engrg. Co., Dover, N.J. | 

Model 205 Trimpot. A subminiature unit with round-pin terminals for printed 
circuit applications. Bourns Laboratories, Inc., 6135 Magnolia Ave., River- 


side, Calif. 
‘‘Dynamaster’’ Self-Balancing Electronic Potentiometer. Gives a continuous 50-Poir 
record on a 3-in. strip-chart. The Bristol Co., Waterbury, Conn. duce 
: ; Printed Circuit Connector. Developed for guided-missile and pressurized the c 
; printed circuit applications. DeJur-Amsco Corp., 45-01 Northern Bivd., 
‘ Long Island City 1. 
i Miniature Connector. Designed for ‘‘edge lite’ plastic panels. The Deutsch 


Co., Los Angeles. 
Precision Wire Wound Resistors. 4-page brochure contains data of assistance} a 
to the engineer confronted with a resistance space problem. Dmeter 


™ Mfg. Co., Inc., 22-24 Larkin Plaza, Yonkers 2, N.Y. USI 

E18 a ‘ts 3 & 10 Turn Linear & Nonlinear Potentiometers. Technical bulletin No. 63 RE 
5 >> describes these new units. Electromath Corp., 190 Henry St., Stamford, 

m Conn. DIF 
‘ Model CW-1001 Aircraft Transformer-Rectifier. Utilizing silicon power 

diodes, this unit weighs less than 4.8 lbs. or approximately 25 per cent of | 

AN | 
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selenium-type units. Electrosolids Corp., 7436 Varna St., N. Hollywood, 
Calif. 

10-Position Tap Hermetically Sealed Switch. Rated at 3 amp. at 115 volts 
withstands 5g vibrations from 5 to 2,000 cps. Farnsworth Electronics Co., 
815 San Antonio Rd., Palo Alto, Calif. 

Progress Line 450-Mc. 2-Way Radio. Bulletin No. ECR-380-A gives details 
on printed circuitry, interchangeable components, cabinets, and mounting 
General Electric Co., Electronics Park, Syracuse, N.Y. 

Sensitive Relays. Sensitivity starts as low as 5 milliwatts per contact 
Hedin Tele-Technical Corp., 87 Dorsa Ave., Livingston, N.J. 

16,000-Volt Silicon Diodes. Designed for power applications where high 
ambient temperature, reliability, high efficiency, and miniaturization are 
prime requirements; bulletin No. SR-i39A. International Rectifier Corp., 
El Segundo, Calif. 

Miniature Circuit Breaker. Weighs 1.5 oz. Mechanical Products, Inc., 
Jackson, Mich. 

Ceramoplastic & Glass-Bonded Mica Products. New engineering data fil 
contains technical information on ‘“‘Supramica’”’ and ‘‘Mycalex” products 
Mycalex Corp. of America, Clifton, N.J. 

Custom Power Supply Equipment. Custom Design File contains complete 
engineering data including price. NJE Corp., 345 Carnegie Ave., 
Kenilworth, N.J. 

Model KM95 Dual-Range D.C. Power Supply. This equipment supplies either 
0-32 volts d.c. at 40 amps. or 0-64 volts d.c. at 20 amps; bulletin No. 103 
The Opad Electric Co., 69 Murray St., New York 7. 

Single-Phase 4-Pole Variable-Frequency Blower Motor. Maximum length is 
2.015 in., OD 1.046 in., and weight 5 oz. John Oster Mfg. Co., Avionic 
Div., Racine, Wis. 

Lightweight Inverter. For guided missiles and other air-borne applications 
requiring 400-cycle voltage and maximum power with minimum weight 
ind size. John Oster Mfg. Co., Avionic Div., Racine, Wis. 

SA60C-4 Portable, High-Gain Servoamplifier. Designed to power the contro! 
winding of a small, two-phase motor in an LVDT-controlled servosystem 
Schaevitz Engrg., P.O. Box 505, Camden 1, N.J. 

Constant Voltage D.C. Power Supplies. Booklet No. CV-235 gives technical 
lata on six units for intermittent, variable, aud pulse loads or high-amperage 
loads. Sola Electric Co., 4633 W. 16 St., Chicago 50. 

Model T-50-1.5 Variable Voltage Power Supply. Especially designed for tran 
sistor circuit work. Sorensen & Co., Inc., 375 Fairfield Ave., Stamford, 
Conn. 

1,500-Volt Single-Element Grown Junction Rectifiers. Featuring welded case 
construction, these miniature silicon rectifiers operate stably to 150°C. and 
have forward current ratings to 125 ma. Texas Instruments, Inc., 6000 
Lemmon Ave., Dallas 9, Tex. 

Silicon Power Diodes. Units in this product group include 23-, 50-, and 
75-amp. ratings. Thermosen, Inc., 361 W. Main St., Stamford, Conn. 

Hermetically Sealed Surface-Sensing Miniature Thermostat. A new design 
shortens the heat path between the mounting surface and thermal-sensing 
clement. George Ulanet Co., 425 Market St., Newark 5, N.J. 


PRODUCTION & MAINTENANCE EQUIPMENT 


Ground Support Air Compressor. Model 130R1409 is designed for ground 
meee struts and accumulators in aircraft. The Cornelius Co., Minneap- 
olis. 

‘“‘Acrakleen’’ Plastic Cleaner. Removes fine scratches and haze from plastic 
aircraft windshields. Schwartz Chemical Co., Inc., 326 W. 70 St., New 
York 23. 

Power-Operated Optical Torque Tester. Said to be capable of testing all 
types of torque wrench. The P. A. Sturtevant Co., Addison, Ill. 


RESEARCH & TEST EQUIPMENT 


50-Point Automatic Scanning Records. For SR-4 strain gages and SR-4 trans 
ducers; plot per cent of load vs. strain curves for each channel directly on 
the chart. Baldwin-Lima-Hamilton Corp., Waltham, Mass. 
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Type 34-B Noise Measuring Set. A portable, self-contained battery-operated 
instrument designed primarily to measure noise over telephone circuits 
The Daven Co., 530 W. Mt. Pleasant Ave., Livingston, N.J 


Model 850 Multiplier Sections. Plugboard programing has been incorporated 
into this new unit to simplify both the pretest preparation and the actual test 
process in tests involving more than 200 circuits. Dit-Mco, Inc., 911 Broad- 
way, Kansas City, Mo. 


Miniature Turbulence Gage. Designed to measure turbulent pressures in 
wind tunnels, along skin surfaces of model structures, for the study of fluid 
flow in gas and hydraulic lines and in microphone applications; bulletin 
No. 805. Endevco Corp., 161 E. California St., Pasadena, Calif. 

Cartesian Manostat No. 10. For calibration of precision instruments; allows 
users to achieve automatic vacuum and pressure control with a single instru- 
ment. Fairfax, Inc., 17 E. 49 St., New York 17. 


Digitizer for Analog-Digital Conversion. This compact lightweight unit con- 
verts analog information into binary-coded decimal digital information 
Federal Telephone & Radio Co. Div., International Telephone & Tele- 
graph Corp., 100 Kingsland Rd., Clifton, N.J. 


Synchronous Dial Drives for Automatic X-Y Plotting. These new drives make 
it possible to use a two-axis plotter to obtain permanent and precise record- 
ings of data. General Radio Co., 275 Massachusetts Ave., Cambridge 39, 
Mass. 


Glennite ADT-700 Series Accelerometers. These differential transformer 
accelerometers are designed for low-frequency measurement. Gulton In- 
dustries, Inc., 212 Durham Ave., Metuchen, N.J. 


Subminiature Lever Switches. Engineering data sheet describes series L-7000 
and series SRL-7000 switches. International Instruments Inc., P.O. Box 
2954, New Haven 15, Conn. 


ALWAC 800 Electronic Data Processing System. Booklet Daia for Decision 
provides complete description and specifications. Logistics Research, Inc., 
141 S. Pacific Ave., Redondo Beach, Calif. 


Maico MF-2 Speed-Feed Meter. Measures and indicates linear rates of 
travelandr.p.m. Maico Co., Inc., 21 N. 3rd St., Minneapolis 1. 


Borescopes. 16-page catalog describes illuminated borescopes for inspection 
f 


f deeply recessed areas otherwise inaccessible. National Electric Instru- 
ment Co., Inc., 92-21 Corona Ave., Elmhurst 73, N.Y. 


Azimuth Alignment Theodolite. Permits alignment of precision gyroscopes 
within an accuracy of 2 sec. of arc. Perkin-Elmer Corp., Norwalk, Conn. 


‘‘Servoflight”’ R5200 VHF Communications Receiver. Designed to fill the 
need for a general, all-purpose VHF receiver for use as a laboratory instru- 
ment and in communications work. Servo Corp. of America, 20-20 Jericho 
Tpk., New Hyde Park, N.Y. 


Servoanalyzer. Brochure No. TDS1100 provides complete data 
n four standard models. Servo Corp. of America, 20-20 Jericho Tpk., New 
Hyde Park, N.Y. 


Electronic Research & Development. 4-page brochure describes company's 
facilities. Servo Corp. of America, 20-20 Jericho Tpk., L.I., N.Y. 


Radar Target Generator. This training device realistically simulates the 
echoes of six aircraft on a variety of radar scopes. Servonics, Inc., Alex- 
andria, Va. 


Model N-7 Internal Measuring Instrument. A heavy-duty shop and labora- 

‘tory instrument for inspecting internal diameters of ring gages and other 
parts for size, taper, bellmouth, and out-of-roundness. The Sheffield 
Corp., Dayton 1, Ohio. 


Model TR-150-14 14-Channel Data Recorder. Designed for recording and 
reproducing data from telemetering channels. Telectro Industries Corp., 
35-18 37th St., Long Island City 1. 


Type MD-1 Aircraft Fuel Gage Tester. Designed specifically to test and cali- 
brate aircraft capacitance-type fuel gages. Telectro Industries Corp., 35-18 
37th St., Long Island City 1. 


NEW LITERATURE OFFERED BY ADVERTISERS 


Insulated Thermocouples. Bulletin P-2. Aero Research Jnstrument Co., 
Inc., 315 N. Aberdeen St., Chicago 7. See page 145 


Electro-Mechanical Actuators. Catalog No. 57. Airborne Accessories Corp., 
Hillside 5, N.J. See page 93 
High-Temperature Cables. 10-page catalog. Boston Insulated Wire & Cable 
Co., 70 Bay St., Boston 25. See page 145 


Aircraft Turbine Ball Bearings. Folder. New Departure Div., General 
Motors Corp., Dept. N, Bristol, Conn. See page 10 
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Not on how to mix a Martini — 
nor necessarily on how to build 
a missile platform — 
but every day, 
throughout the industry, 
Engineers agree 


on Wiggins Connectors. 
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E. B. Wiggins Oil Tool Company, Inc. 
3424 East Olympic Blvd., Los Angeles 23, Calif. 
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Engineering to the Nth power... [INSIDE AND OUT! 


Installed inside a Convair T-29 is an actual cockpit of Convair’s delta-wing F-i02A all-weather 
interceptor. Once aloft, the “back seat” pilot flies the T-29 by performing all the functions 
of a F-102A interceptor pilot. At the same time, scientists and engineers evaluate system 


performance and a psychologist checks pilot reaction. This use of the T-29 as a flying laboiatory 
Hughes Aircraft Company, Culver City, California, flight tests the F-102A’s advanced 
electronic weapon system with far more elliciency than ever before — and at a fraction of the cost. 
A “plane within a plare”—and both Convairs! Another dramatic example 
of Engineering to the Nth power working for the defense of our country! 
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